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This study is concerned with the compositional analysis of Roman and 
early post-Roman glass from both domestic assemblages and the remains derived from 
glass working and producing sites in Britain, using Inductively Coupled Plasma 
Spectrometry (ICPS). 
Samples analysed were from glassworking waste from Mancetter (mid- 
second century), Leicester (third century) and Worcester (first to third centuries), glass 
production debris, probably manufactured from the raw materials, in conjunction with a 
domestic assemblage, from Coppergate (first to fourth centuries, or possibly later), and 
a domestic assemblage from Fishergate (spanning both the Roman and immediate post- 
Roman periods). 
All the glass analysed was shown to be of a typical and uniform soda-lime- 
silica composition, except for a small number of vessel fragments from York which were 
higher in calcium. Any compositional differences between blue-green glasses 
typologically dated either to the Roman or Saxon periods, were found not to be 
consistent, 
Analysis of the colourless glass showed that the majority appeared to be 
actively decolorized using antimony, in conjunction with apparent differences in the 
compositions of the raw materials, when compared to glass of the same date in other 
colours. 
Compositional differences between melted waste from Mancetter, Leicester 
and Worcester, were apparent, but not to an extent which allowed characterization to be 
successful. 
Analysis of glassmelting pots from Coppergate showed some high 
temperature glassworking (and possibly glassmaking) could have occurred. Other debris, 
thought to be indicative of glassmaking was also analysed and compared to the 
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Figure 2.1 A representation of the 3-D structure of socla-lime-silica glass (kindly 
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Figure 2.5 Main locations of workable glass sand deposits in Britain (Highley 1977, 
25 and 34). 
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S 
Figure 2.6 United Kingdom sources of glassmaking sands and areas of modern glass 
production (Segrove 1976,41). It is evident that modern glassmaking 
centres are not always located at the major sites of extraction. Therefore 
the location of raw materials does not appear to be the prime factor 
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Figure 2.9 The relationship between ferrous oxide and total iron (Fe2o)content in 
0-030 
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Figure 2.10 The effect of the alkali oxide and its concentration on the iron oxide 
equilibrium in alkali-silica glass containing 0.075% total iron as Fe203 
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Figure 2.11 The relationship between colour, melting atmosphere and valency of the 
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Figure 2.12 The occurrence of manganese and antimony oxides in clear, colourless 
ancient glass (Sayre 1963,265). 
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Figure 2.13 The relationship between antimony and manganese oxide concentrations 
in colourless and nearly colourless glass from the first to the fourth 
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Figure 3.1 The interaction of high-temperature processes indicating spheres of 
influence and common technology. 
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Figure 3.3 Location of glassworkshops from the first to the ninth centuries in France. 
Evidence of glass manufacture from various sources including furnaces, 
tools, cullet or wasters and glass waste (Foy 1991,54). 
A 
d 
Figure 3.4 Partial map of upper Germany with the location of the sites mentioned in 
the text (Follmann-Schulz 1991,38). 
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Figure 3.5 Findspots of glass furnaces in K61n (Harden 1987,12). Inset:, Plan of 
glass furnaces excavated at Eigelstein near Min (see main figure) (scale 








ft-, 4. Figure 3.6 Types of Roman glass vessels mentioned in the text (Price 1978). 
1.11 Cast pillar-moulded bowls (first three quarters of the first century 
AD) (Isings 
2.. Hoffheim cups (blown) (mid first century AD) (Isings 12). 
3., Conical jug with angular handle (blown) (end of first/beginning of 
second century AD) (Isings 52b). 
4. Globular jar with collared rim (blown) (end of first/beginning of 









Figure 3.7 A collection of metalworking crucibles from Roman and Early Post-Roman 
contexts. 
1. Exeter; sub-angular; Roman. 2. Great Casterton; conical; Roman; 
3. Wilderspool; hemispherical; Roman. 4. Heronbridge; hemispherical; 
1st-2nd century AD. 5. Wakefield; necked; Roman. 6. Lough Faughan 
Crannog; deep triangular; Dark Age. 7. Dinas Powys; lidded; 7th century. 
8. Lagore Crannog; 3-legged; 7-1 1th century. 9. Dunadd; hemispherical; 
6-11th century. 10. Oxford; bag-shaped; Late Saxon. 





Figure 3.8 Different categories of glassmaking debris. 
1,2 &3= moiles; 4= roundel; 5= rounded and fractured lumps; 6& 




Figure 3.9 British Sites, mentioned in the text, showing evidence of glassmaking in 
the Roman period, in relation to major glass sand deposits. 
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Figure 4.1 Plan of the site at Hartshill, Mancetter (kindly supplied by HEM Cool). 
The glass furnace is located in the area marked 7A. 
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Figure 4.3 Different glass types discussed in the text. Number refers to typological 
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Figure 4.5 Proportions of different colours of vessel and waste glass from Mancetter. 
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Figure 4.6 Plan of Blue-Boar Lane, Leicester showing the location of the furnace. 
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Figure 4.7 Melted glass waste from Leicester. 
1= moiles; 2= roundels; 3= water-rounded lumps; 4= pinched 
fragments; 5= trails; 6= twisted and heat-fractured lumps (kindly 


















Figure 4.8 Proportions of different types of melted glass waste from Mancetter and 
Leicester. 
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Figure 4.11 Plan of Site 4, Deansway showing features from the pre-Roman period to 
the Medieval occupation (HWCM interim report 1989,23-26). 
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Figure 4.12 Two'crucible-like' fragments recovered from Site 4, Deansway, Worcester. 
Figure 4.13 The location of Coppergate, York. 
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Figure 4.15 Plan of the Roman features Figure 4.16 Plan of Period 3, Coppergate 
and ditches at Coppergate 
(Hall 1983,32). 
showing the number and 
location of intrusive pits 
(Mainman 1991,488). 
Figure 4.17 The glassmaking hearth at Coppergate. Scale measures 50 cm. (Hall 
1984,65). 
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Figure 4.19 Distribution of metalworking and lead glassworking crucibles from Period 
4B, Coppergate (Mainman 1987,38). 
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Figure 4.20 COlOuMes$ (above) and blue-green (below) vessel 
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Numbers of beads recovered from Coppergate, by period and by colour. 
Figure 4.22 The six different categories of waste recovered from Coppergate. 
I= melted glass waste; 2= glassmelting pots; 3= furnace debris; 
4= Adfied waste; 5= glass/quartz/ceramic; 6= glass and quartz. 
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(a) Pie Chart of Glcss Production Debris from Coppergate 
(by number of fragments) 
Glass end quartz (6.3Z) 
Glassmelting pots (54.4%) 
............... ............ ............. 
F umoce debris (20 77. ) 
............ 
(, ýs/quartz/cercrnic (2.2%) 
s& vitrified waste (6.7%) 
Melted glass WcMe (9, /7. ) 
(b) Pie Chart of Glass Production Debris from Coppergate, 
(by weight) 
Glass and quartz (1.47) 
Classmelting pots (21.6%) 
Furnoce debris (67,77) 
Melted glass waste (1.07. ) 
Vitrified waste (3.7%, 
Gloss/quartz/ceromiý (14 t, %) 
Figure 4.23 Pie charts of categories of glass production debris from Coppergate (a) 
by number, (b) by weight. 
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m 
Figure 4.24 Fragment of a glassmelting pot from Coppergate showing evidence of 
0 breakage whilst in use. 
(a) 
(b) 
Figure 4.25 Fragment of a glassmelting pot base from Coppergate showing (a) white 
quart-like deposit on the outer surface, and (b) an inner surface apparently 
' 
eroded and cracked through high temperature working. 
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Figure 4.26 Pie chart showing the proportions of different glass colours from all the 
glass production debris. 
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Figure 4.29 Plan of Fishergate, York, showing the location of the excavated features 
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Figure 5.2 Cross-section of an ICPS torch. 
The torch consists of three accurately aligned concentric tubes of silica 
glass, with the outermost tube encircled by a two-turn, water-cooled 
copper coil. A radio-frequency alternating current induces a magnetic field 
0- I within the coil and argon gas flows through the silica tubes. The coolant 
gas flows through the outer-most tube, and the inner-most tube contains 
the aerosol carrier gas which is injected into the base of the plasma 
(which is, subsequently heated from the outside by the plasma, to a 
temperature to induce volatilization). The cooler upper part of the flame 
is used for spectroscopic observation and measurement. The auxiliary 
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Figure 6.3 The distribution of (a) Sb2o5and (b) MnO in blue-green glasses from the 
five sites studied. 
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Figure 6.4 A plot of Fe203 and MnO for blue, green and yellow-green glass from 
Coppergate. 
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Figure 6.5 A comparison of soda- and calcium-rich glasses from Fishergate. 
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Figure 6.6 Dendrogram of blue-green glass from Fishergate, using Ward's method, 
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Key: C= Colourless; L= Light-green-colourless. 
Figure 6.11 The relationship between (a) MnO and A1203 and (b) Fe2Q3 and P20, for 
colourless and light-green-colouriess glass from Leicester. 
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Figure 6.12 A comparison of colourless, light-green-colourless and blue-green glass 
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Figure 6.14 A comparison between colourless glass compositions from Worcester, 
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Figure 6.16 The relationship between MnO and Sb2o5 in colourless glass frorn 
Mancetter. 
308 












































































































0 10.8 21-6-32-z '02 5.4ý0- 6.4 S. 75-. G. 8-8.4 9-7.2- 10-8.0 
Nurnmr at cluoters 
Figure 6.17 Dendrogram of the glass from Mancetter using Ward's method. 
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Figure 6.21 The relationship between Sb206 and MnO in colourless and light-green- 
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Figure 6.25 Dendrogram of colourless glass. -from 
all the sites studied, using Ward's 
method. 
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Figure 6.27 Antimony and manganese oxide concentrations in colourless glass from 
(a) Italy and (b) Northern Europe (Sayre 1963), in comparison with the 
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Figure 6.28 The distribution of (a) Sb20,, and (b) MnO in colourless and light-green- 
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Figure 6.30 The relationship between MnO and P20, for light-green-colourless glasses 






Sb, O, F 
+"-, H Key: 
Hno HF 
CCC*HCC= Coppergate 
. 8- cc *C*C CH ML= Leicester CC*CC*CCC *mW H= Hancetter 
C *** CCC CW= Worcester 
CCF= Fishergate 
F= Hultiple occurrence. 
FF FF 
0 0.13 0.25 0.38 0.50 0.63 0.75 0.88 
Fe203 (1) 




0 (D .4 - 
17 
01 0) 





. 0,4 (76 o 
00 -4 t44-0 00 (5D 0 CIII)CPS ý4 4 LO 









q a) Do r*-, (D LO -. 4- r) N 06 6 C5 cs 666 (z) Ouvi 






























































































0 12 24 36 48 60 72 84 96 106 120 
Number of eltsetere 
ftedo. i"ntly M-ýtt" 
-7. 
Figure 6.33 Dendrogram of blue-green melted glass waste from Mancetter and 





















t4 C4 C-4 #1 10 










































































Rescaled Distance Cluster Combine 
ys 
- Site W69(7)241 





$00 X 500 x 





5 10 15 
20 25 30 35 40 45 50 
Number of cluster, 
Dendrogram of the two distributions of waste from Mancetter, using 
Ward's method. 
324 



























I- lit IIIII 
C-4 
0 









































































































































a 13 26 39 57 455 76 VI I- 1., 130 





Dendrograrn of blue-green melted glass waste from Mancetter, Leicester 
and Worcester, using Ward's method. 
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Figure 6.42 A representation of the composition through two glassmelting pots from 
Coppergate (samples 14217 and 12474). The interface between the glass 
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Figure 6.44 A representation of crucible and glass composition as a function of 
distance from the crucible edge. CaO and K20 are shown on the left hand 
side of the graph, and AJ203 on the right (Velde 1990,112). 
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Tablo 2.1 The proportions of silica: soda advocated for the production of glass by 
ancient authors. 
Author Date Proportions of raw 
material 
Pliny I st century AD Sand 1: 3 Soda 
Theophilus 10th century AD Sand 1: 2 Ash 
Biringuccio 16th century AD Sand 2: 1 Ash 
Agricola 16th century AD Sand 1: 2 Alkali 
Ned 17th century AD Sand 2: 1.3 Ash 
Source: Bezborodov (1975,74). 
Table 2.2 The first literary references to the use of glassmaking materials. 









Assyrian tablets 7th century BC 
)not differentiated until 1 8th century. 
Assyrian tablets 7th century BC 
Antimony Assyrian tablets(? ) 7th century BC 
Copper Assyrian tablets 7th century BC 
Manganese Pliny/Biringuccio 1st/16th centuries AD 
Gold Ned 1612 AD 
Cobalt Biringuccio 16th century AD 
(as Zaffre) 
Adapted from Turner (1956a, 41T). 
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Table 2.3 The analysis of glassmaking sands documented in ancient literature. 
Tell el Amarna Syria Mouth 
Egypt Haifa of Belus 
S'02 60.64 76.4 80.65 
A1203 2.25 - 4.25 Fe2Q3 1.73 - 0.13 T102 P. 44 - - P205 0.08 - - CaO 18.86 10.73 8.8 
mgo 0.83 0.75 - 
BaO 0- - 
Na2o 0.30 - - K'2 0 0.74 - - 
MnO 0.02 - - S03 0.05 - - 
Mineral content 
(approximately) 
Quartz 50-55% 70-75% 
Calcite 30-55% 16-18% 
Feldspar 5% - 
Plagioclase feldspars - 4% 
Pyroxenes 5% 4% 
Ilmenite 1% 1% 
Source: Turner (1 956c, 281 T) 
The analysis undertaken by Turner (1956c, 281T) of sands from the 18th Dynasty 
Egyptian glassmaking site at Tell-el-Amarna, a Syrian sample from Haifa, Palestine, and 
from* around the River Belus. 
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Table 2.4 The location of analysed sands in Britain considered to be suitable for 
colourless glass manufacture. 
Sour(* General Treatment Mean FeO, Mean S102 Suitable for 
(as stated) Content(%) Content (%) Colourless 
Glass 
Sources with below 0.02% Iron oxide 
Loch Aline some 5% HC1,5% NaPC03 0.014 99.8 yes 
Muckish Mountain 10% HU on impure frags 0.01-0.07 99.7 yes 
is Ground flints .10.013 99.25 costly 
ources with-aenerallv above 0.0296 Iron oxide 
Alderly Edge 10% HU 0.15 95.6 no 
Ashurst Wood - 0.034-0.072 98.66-99.45 yes Aylesbury Washed, screened 0.03 99.8 yes 
Aylesford Washed 0.07-0.12 99.45 no 
Biddulph 2% or 25% HU at 70, C 0.017-0.13 99.11 possibly 
Brynamman, Glam. - 0.03 possibly Bury St Edmunds 0.062 97.98 possibly 
Burythorpe, Malton Fe. 0, too high No 
Carlops Crushed and washed 0.05-0.13 98.6 No 
Coed Talon, Flints. ? 
Chelford, Cheshire 1% HCI , 5% NaOC03 0.10 No Fairlight Washed 0.026-0.045 99.68 Yes 
Godstone, Surrey Water wash 0.028-0.093 99.5 Yes 
Gartverrie, Lanark. 0.04-0.08 Possibly 
Huttons Ambo, Yorks. 2% HCl 0.03-0.16 Possibly 
King's Lynn Washed' 0.034-0.051 Yes 
Leighton Buzzard 1 Water, some 1% Na2CO3 0.10-0.64 97.6-99.6 Some 
02 Cold water wash 0.020-0.072 99.5 Yes 
Levenseat, M lothian , 0.037-0.09 98.95 Yes 
Melborne, Derbyshire Fe, O, too high -, No 
Messingham, Lince (many) Cold water wash 0.04-0.55 91.29-98.37 Some 
Oxted, Surrey Washed 0.039-0.075 99.3-99.6 Possibly 
Reigate, Surrey Washed and screened 0.022-0.034 99.73 Yes 
Ryarsh, Kent , Washed 0.07-0.13 99.73 No South Cave, Yorks FeO, too high 
Wadhur8t, Sussex No analysis available 
West Malling, Kent 10% HC1, cold water 0.023-0.03 Possibly 
0 0.081-0.73, 99.09 No 
Wrotham, Kent Hot water wash, 25% HCl 0.044-0.052 - Possibly 
-- treatment/amount not stated 
*these were sands that were con; idered to be suitable for the manufacture of colourless glass by 
Turner (1940) because they were of the correct grain size, had low iron contents, and could be 
extracted relatively easily. 
Source: Adapted from Turner (1940,224-239). 
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Table 2.5 Typical analyses of British sands used for the manufacture of colourless 
glass. 
Major Oxides (Wt%) 
Loch l(ing's Relgate, Oakamoor Devilln Redhd 
Aline Lynn Suckland (Millstone Forest, Fife 9JXW 
(Upper (Lower (Lower Grit) (Millstone Gimp. 
Cretaceous) Cretaceous) Greensand) Grit) sand) 
99.75-99.85 99.0 99.74 98.3 99.0-99.3 99.5 A1203 0.05-0.1 0.6 0.09 0.8 0.35-0.4 0.1 
Fe2o, 0.009-0.013 0.04 0.026 0.038 0.03-0.035 0.04 
CaO 0.01 0.04 0.01 0.05 0.07 0.05 
mgo 0.01 n. a. 0.04 n. a. tr n. a. Na. 0 0.01 &. 03 0.10 0.5 tr 0.1 K20 0.005 0.30 0.01 n. a. 0.15 0.1 TiO, 0.01 n. a. 0.06 0.001 0.03 na Cr, 03 0.0003 0.0004 0.0002 0.2 na 0.004 
n. a. ý not available. 
Source: Highley (1977,9-11). 




of major economic glass sand deposits in Britain extracted 
including sands extracted for purposes other than glass 
Geology Ouality of sand extracted 
Chelford, Congleton Pleistocene Flat glass sand 
Cheshire 
King's Lynn, Norfolk Sandringham sands, Colourless glass sand 
Lower Cretaceous 
Messingham, Humberside Late Pleistocene to Coloured glass sand 
Holocene 
Oakamoor, Staffordshire Millstone grit, Colourless glass sand 
Carboniferous 
Redhill, Surrey Folkstone beds, Colourless glass sand 
Lower Cretaceous 
Allostock, Cheshire Pleistocene Coloured glass sand 
Reigate, Surrey Lower greensand, Colourless glass sand 
Cretaceous 
Ardeer, Strathclyde Holocene Coloured glass sand 
Dunbar, Lothian Holocene Coloured glass sand 
Bickerstaffe area, Shirdley Hill sands, Flat glass sand Lancashire Holocene 
Rufford, Lancashire Shirdley Hill sands, Coloured glass sand 
Holocene 
Devilla Forest, Passage group, Colourless and coloured Central Region Millstone grit, glass sands 
Carboniferous 
Loch Aline Upper Cretaceous Colourless glass sand Highland Region. 
nb. Those sands which are designated colourless glass sands may have to undergo processing before use (including sorting, washing and acid/alkali treatments). 
Source: Adapted from Highley (1977,50-53) 
338 
Table 2.7 Typical analyses of washed silica sands from Carboniferous sandstones. 
Millstone Grit (washed sands) (Wt%) 
Devilla Lavenseat, Biddulph, Smelthouses, Blackstone 
Forest, Lothian' Staffordshire* Yorkshire Edge, 
FlfeQ Yorkshire' 
Use Coloured glass Not stated Sodium silicate Glass Glass 
sio, 98.5-99.0 99.0 98.9 99.5 99.2 
A1,03 0.4-0.5 0.53 0.55 0.43 0.02 
Fe. o. 0.12-0.20 0.70 0.14 0.04 0.04 
Cao 0.1 0.01 <0.01 0.05 0.02 
MUO Tr. 0.04 0.01 0.08 0.04 
Na, O Tr. 0.05 0.01 )0.12 )0.13 
1ý0 0.2 0.07 0.04 
Tio 
2 0.04 0.09 0.04 0.01 0.01 
Tr. = trace. 
b Source: *Highley (1977,27), Davies and Rees (1945b, 277). 
Table 2.8 Typical analyses of Lower Cretaceous washed silica sands. 
Wt% 
Redhill, Brough Woburn King's Lynn, Leighton 
Surrey Green, Kent sands Norfolk Buzzard 
(Folkstone (Folkston* (Sandringham (Woburn 
beds) beds) sands) sands) 
sio, 99.5 98.4 98.7 99.1 98.6 A1103 0.16 0.81 0.34 0.44 0.2 
Fe 103 0.073 0.34 0.19 0.073 0.8 
Cao 0 0.20 <0.10 0.03 0.04 
MgO n. a. 0.07 0.05 n. a. 0.02 
Na, O Tr. 0.12 n. a. 0.03 Tr. 
r"O 0.01 0.03 0.05 0.15 0.04 
T '02 0.1 0.07 0.10 0.04 0.02 
Tr. - trace; n. a. not available 
Source: Highley (1977,32). 
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Table 2.9 Typical analyses of washed silica sands of Pleistocene Age. 
Conglet(m, Chelford, Congleton, Oakmera, 
Cheshire Cheshire Cheshire Cheshire 
(Marsh Farm) (West Heath) 
Sio, 97.3 97.0 96.6 95.56 
A1203 1.23 1.63 1.97 1.73 
Fe203 0.18 0.15 0.31 0.55 
cao 0.04 0.11 0.13 0.10 
mgO 0.04 n. a. n. a. 0.05 
Na, O 0.10 0.14 0.16 0.17 
V, O 0.75 0.74 0.87 1.32 
TiO, 0.03 0.06 0.08 0.12 
n. a. ý not available. 
Source: Highley (1977,35). 
Table 2.10 Typical analyses of Late Pleistocene and Holocene sands. 
Washed sand As dug Washed vAnd-blown As dug 
ENckerstaffe Rufford sand Dune sand 
Mossingham Ardw 
Uses Flat glass Colourod Colourod Colourod 
glass glass glass 
Sio, 96.8 94.8-95.3 95.6 92.0-92.8 
A1203 1.5 2.15 2.29 2.8-3.0 
Fe, O, 0.125 0.33-0.37 0.21 1.25-1.45 
cao n. a. 0.15-0.20 0.15 0.35-0.45 
mgO n. a. 0.10-0.15 n. a. 0.25-0.30 
Na, O 0.2 0.25-0.30 0.15 0.60-0.75 
r'O 0.8 1.0-1.2 1.00 0.65-0.75 
T'02 
na 0.10-0.12 0.09 0.20-0.30 
n. a. = not available. 
Source: Highley (1977,37). 
340 
Table 2.11 West European silica sands: analysis of some of the highest quality 
grades. 
Wt% 
Belgium Holland Holland Holland Germany France Scotland 
Mol Heerlen Maastricht Heerlen Haltom Fontainebleau Loch Aline 
siop 99.75 99.80 99.87 99.85 99.67 99.65 99.73 
Fe, O, 0.011 0.01 0.01 0.009 0.0245 0.02 0.013 
A1,0, 0.1 0.08 0.04 0.06 0.13 0.08 0.057 
Source: Industrial Mineralogy of London (1974,24). 
Table 2.12 A comparison of sands from UK sources after washing and screening. 
Wt! YO 
Source S'02 A1203 Fe203 
Lower Greensand 
South East 99-99.5 0.1-0.2 0.02-0.07 
Norfolk 98.5-99 0.3-0.4 0.04-0.08 
Glacial 
Cheshire 95-97 1.0-1.5 0.10-0.15 
SE Lancashire 95-97 1.5-2.0 0.10-0.15 
Lincolnshire 95-96 2-3 0.2-0.3 
Millstone Grit 
Staffordshire 98-98.5 0.6-0.8 0.10-0.15 
Scotland 99-99.5 0.5-0.6 0.10-0.15 
Cretaceous 
Loch Aline 99.5 0.05-0.1 0.015-0.030 
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Table 2.14 The composition of samples of natron. 
Wt% 
Ancient samples from Modern natron 
Eighteenth Dynasty from Wadi 
tombs (after A Lucas) Natrun 
(7 samples) (14 samples) 
Sodium carbonate 115.5-94.0 22.4-75.0 
Sodium bicarbonate t 5.0-32.4 
Sodium chloride 6.5-39.5 2.2-26.8 
Sodium sulphate 5.5-27.8 2.3-29.9 
Water 5.6-19.8 1.9-20.0 
Insoluble matter 5.4-27.0 trace - 31.1 
Source: Turner (1956c, 284T). 
Table 2.15 Trace element composftion of New Kingdom natron. 
Composition 
(Wt%) 
From the tomb of Neket Re From embalming pits 




























Sayre and Smith (1967,290). 
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Table 2.16 Residues obtained from evaporation of water from the Nile and Jordan 
Rivers. 
Composition (wt'Yo) 
Nile Jorclano Nileb Mean of high 
magnesium glasses* 
Na2o 17.71 24.41 16.79 13.34 
"ýVo 3.93 1.37 3.68 2.05 
mgo 12.31 8.13 10.33 4.67 
CaO 23.95 19.20 15.61 8.64 
P205 1.35 - - - S'02 36.17 4.18 - 
Fe203 2.65 1.45 2.23 
Adapted tOM: aSayre and Smith (1967,291); tTurner (1956c, 284T). 
Ta . ble 2.17 The composition of keli or ash from the Syrian desert plant 'Chinane. 
Composition (wt%) 
Sodium carbonate 45 (Na. 20 27.67) 
Sodium hydroxide 2.5 (K20 4.45) 
Potassium chloride 4.5 (CaO 21.21) 
Potassium sulphate 3 (MgO 0.48) 
Calcium carbonate 34 
Calcium phosphate 4 
Magnesium carbonate 1 
Carbon 1 
Silicates, phosphates and 
other inorganic matter 5 
Source: Turner (1956c, 287T). 
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Table 2.18 Ash content and composition of various air-dried vegetable materials. 
Mean concentration (Wt%) 
sio" cao mgo Nap KO PO, so, s cl 
Wheat straw 66.2 6.1 2.5 2.8 11.5 5.4 2.8 3.8 
Barley straw 53.8 7.5 2.5 4.6 21.2 4.3 3.6 2.9 
Heather 35.2 18.8 8.3 5.3 13.3 5.0 4.4 2.2 
Fern 6.1 14.1 7.6 4.6 42.8 9.7 5.1 10.2 
Reeds 71.4 6.0 1.3 0.3 8.6 2.1 2.8 
Sedge 31.4 5.3 4.2 7.3 33.2 6.7 3.3 5.6 
Rush 11.0 9.4 6.3 6.6 36.6 6.3 8.8 14.2 
Wheat (grain) 1 .7 3.3 12.4 3.3 31.1 46.3 2.2 
8.4 
Beech (leaves) 33.8 44.9 5.9 0.7 5.2 4.7 3.6 0.3 
Beechwood (trunk) 5.4 56.4 10.9 3.6 16.4 5.4 1.8 
Beech brushwood 9.8 48.0 10.6 2.4 13.8 12.2 0.8 
Oak 2.0 72.5 3.9 3.9 9.5 5.8 2.0 
Apple 2.7 70.9 5.5 1.9 11.8 4.5 2.7 
Mulberry 3.6 57.0 5.8 6.6 36.6 6.3 6.8 14.2 
Source: Turner (1 956c, 289T). 
Table 2.19 A comparison between compositions of wood ash and seaweed ash. 
Mean Concentratlon (wt%) 
Unwashed seaweed Washed seaweed Oak ash Beech ash 
n-6 n-7 n-6 n=6 
001 
Na, o 16.24 t 1.42 12.26 :k 1.78 1.04 :k 0.32 3.12 1 0.46 
1ý0 4.58 t 0.21 3.75 * 0.76 12.74 * 4.38 10.69 :k 2.67 
mgo 5.08 1 0.30 8.23 t 1.20 3.60 t 0.85 0.85 t 0.22 
cao 4.80 t 0.61 10.18 -t 1.02 22.50 t 5.37 22.22 i 3.36 MnO 0.083 t 0.012 0.117 t 0.022 1.82 t 0.70 1.66 t 1.14 
Fe, O, 0.24 t 0.09 0.150 t 0.037 0.57 t 0.30 0.33 * 0.06 
Cu 0.004 t 0.001 0.012 t 0.002 0.019 1 0.007 0.017 t 0.003 
Zn 0.043 t 0.023 0.093 t 0.024 0.029 t 0.024 0.021 1 0.011 
Source: Sanderson and Hunter (1981,28). 
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Table 2.20 A comparison of mean oxide concentrations from ashes of different parts 
of plants. 
Compooftion (wt%) 
Oats Oak Fir 
Straw Grains Wood Bark Leaves Wood Noodles 
sio, 3.35 1.22 0.02 0.04 0.15 0.01 0.06 
Fe, O, 0.08 0.04 0 0.02 0.04 0.001 0.135 
Cao 0.50 0.11 0.10 0.68 0.91 0.16 0.46 
mgo 0.28 0.22 0.02 0.09 0.47 0.03 0.13 
Mn. 0, 0.002 - 0.231 0.01 0.13 
Na, O 0.24 0.05 0.03 0.02 0.03 0.01 
V,. O 2.07 0.55 0.12 0.31 0.16 0.04 0.58 
P205 0.33 0.80 0.04 0.03 0.43 0.02 0.36 
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Table 2.22 The composition of some shells commonly found in beach sands. 
Mollusca Composition Formula 
Polyplacophora Aragonite CaCO3 
Monoplacophora Aragonite CaCO3 
, 
Scaphopoda Aragonite CaCO3 
Gastropoda Aragonite or CaCQ3 








Coleoidea Aragonite CaCO3 
Adapted from: Lowenstam and Weiner (1989,91). 
Table 2.23 The composition of various calcium sources. 
Composition (wM) 
234 
cao 42.91 54.84 53.81 49.49 51.03 
muo 0.24 0.26 0.56 1.07 1.20 
co, 35.36 43.26 42.69 39.67 40.67 
sio, 1.36 1.14 1.15 6.78 3.05 
Al, O, 0.18 0.41 0.45 0.75 0.35 
Fe, O, 0.20 - - 0.47 0.01 
MnO 1 0.09 0.01 
1. Chalk, Medway Valley (calcilutite) 
2. Carboniferous limestone, North Wales (calcerenite). 
3. Lithographic limestone, Solenhofen, Bavaria (calcilutite). 
4. Cornstone, Lower Old Red Sandstone, Scotland (sandy calcisilitite). 
5. Shell sand, recent, Scotland (uncemented calcarenite). 
Adapted from: Hatch and Rastall (1971,195). 
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Table 2.24 The relationship between chemical composition, oxidation state and colour 
In various fourth century AD glasses. 
a) The oxidation state of some early (mainly fourth century AD) glasses. 
Sample, Colour Total Iron Fe* conc. Fe' conc. %F* as F*2* 
No. (wt% F*, Oj (w/o FoOj Wo F*, Oj 
620 Green 0.35 0.246 70 
623 Colourless 0.40 cO. 043 <11 
624 Purple 0.43 <0.013 <3 
629 olive 0.40 0.349 87 
633 Aqua blue 0.39 0.249 0.13 64 
647 Olive/Amber 0.40 0.314 79 
3210 Amber 0.27 0.246 0.05 91 
3395 Colourless 0.425 0.018 0.40 4 
DZO Blue 0.58 0.432 0.148 74.5 
UP Yellow/green 0.58 0.158 0.422 27.2 
Source: Schreurs and Brill (1984,205). 
The chemical composition of the same glasses 
Sampl* Colour NaO C&O KO mgO AkO,, F*, O, MnO Sb2O, s 
No. 
620 Green 16.8 8.95 0.79 0.92 2.97 0.35 0.086 0.041 
623 Colourless 16.0 9.18 0.87 0.55 2.75 0.40 1.69 n. A. 
624 Purple 16.0 9.91 0.90 0.52 2.71 0.43 2.00 n. a. 
629 olive 16.6 8.48 0.81 0.56 2.55 0.40 0.11 0.027 
633 Aqua blue 14.8 10.5 0.87 0.66 2.96 0.39 0.058 0.047 
647 Olive/Amber 14.2 8.77 0.77 0.60 2.82 0.40 , 0.30 0.014 
3210 Amber 20.5 7.12 0.91 0.55 1.90 0.27 0.032 0.074 
3395 Colourless 18.5 6.68 0.61 0.93 0.82 0.425 0.04 2.46 0.136 
DZO Blue 18.1 10.1 0.04 0.58 
UP Yellow/green 18.1 10.1 0.04 0.58 
0 n. A - value not available. 
Source: Schreurs and Brill (1984,201). 
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Table 2.25 The composition of various Roman glass fragments (first to fifth centuries 
AD) exhibiting different colours. 
Date SIO, Ai, 03 NaO KO MgO cao Fe, 03 MnO cuo Colour 
Saalburg 
Roman 67.00 4.21 20.67 - 0.54 6.75 0.49 0.36 Colourless 
Roman 68.54 1.85 21.61 - 0.65 6.45 0.48 Colourless 
Roman 69.44 3.79 18.71 - 0.63 6.53 0.82 Light green 
Roman 66.54 1.95 23.73 - 0.38 6.07 1.74 Dark green 
Roman 67.78 2.12 21.72 - 0.64 6.74 0.48 Colourless 
Mainz 45 t 
" IC AD 69.22 7.12 17.99 2.16 1.22 7.51 0.40 0.46 Aquamarine 
1C AD 69.58 2.89 19.89 0.79 0.79 6.88 0.43 Yellow-brown 
IC AD 68.69 2.75 17.73 1.83 0.29 7.01 0.61 0.12 0.91 Greenish-blue 
IC AD 70.97 3.16 17.35 1.25 0.08 7.31 0.50 - - Greenish-yeUco 
1C AD 70.23 2.70 17.24 0.15 0.70 7.99 0.39 0.38 Pale greenish 
Cologne 
IC AD 68.94 3.90 18.80 0.15 1.18 6.69 0.66 Trace Bluish 
2C AD 68.92 2.49 20.67 0.77 0.43 5.79 0.51 - Colourless 
3C AD 65.94 3.99 20.60 0.45 0.65 7.73 0.80 0.41 Deep blue 
4C AD 68.10 2.31 18.61 0.95 0.84 6.87 0.63 1.52 - Greenish-yellow 
5C AD 66.35 2.80 21.47 0.65 1.25 6.52 0.45 1.03 - Greenish-yellow 
Source: Sellner et aL (I 979a, 256). 
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Table 2.26 The antimony and manganese contents of nearly colourless glass. 
% Concentration 
Date (AD) Antimony Antimony. Manganese glasses 
glasse$ manganese 
glass*$ 
Sb, O, MnO SNO, MnO SNO, MnO 
Italy 





Late let/early 0.99 0.02 0.80 0.29 <0.03 0.99 
2nd century 0.89 0.02 0.74 0.20 
0.79 0.02 0.50 0.22 
0.47 0.01 
3rd century 0.86 0.03 0.37 0.21 0.04 1.46 
0.09 0.40 
End of 3rd/ <0.03 1.51 
4th century 0.05 1.43 
0.02 1.43 
0.05 1.30 
Northern Europe (mainly hom around the Rhine) 
Late let/early <0.02 1.03 
2nd century <0.02 0.59 
0.02 0.13 
Late 2nd/ 0.77 0.02 0.55 0.42 
3rd century 0.70 0.06 0.53 0.54 
0.32 0.09 0.45 0.46 
0.43 0.28 
Diatreta 1.07 0.06 
0.49 0.03 
0.32 0.03 
3rd or 0.25 1.70 0.036 0.77 




4th century 0.89 0.11* <0.05 2.6 
0.40 0.11* <0.02 2.0 
0.88 0.75 0.05 1.8 
0.59 0.48 <0.02 1.6 
tentatively assigned antimony-manganese glasses although the level of manganese is relatively 
low. 
Adapted from Sayre (1963,277). 
351 
Table 2.27a The melting points of some common glassmaking materials (*C). 
Silica (quartz, metastable) 1470 Metaphosphoric acid (H, PO, ) 73.6 
Silica (cristobalite) 1713 Titania (rutile) 1604 
Silica (tridysite) 1670 Antimony oxide 275 
Zirconia 1700 
Sodium carbonate (Na, CO, ) 851 
Potassium carbonate (KC03) 891 Magnesite (MgCO, ) d. 
Sodium nitrate (NaNOO 308 Magnesia (periclase MgO) 2800 
Potassium nitrate (KNO. ) 333 Dolomite (CaCO,, MgCOO d. 
Sodium sulphate (Na, SO,, ) 884 Barium carbonate (BaCO. ) d. 1740 
Potassium sulphate (K. S04) 1067 Barium sulphate (BaSOJ 1580 
Calcium carbonate (Calcite) d. 1389 Zinc carbonate d. 300 
Lime (CaO) 2572 Alumina (calcined A1,03) 2050 
Slaked lime (Ca(OH). ] d. Alumina (hydrated Al,, O,, 3H, O) d. 200 
Fluorospar (CaF, ) 1360 Feldspar (orthoclase) d. (1170-1530) 
Ferrous oxide (FeO) 1420 
Ferric oxide (Fe, O, ) d. 1560 
Magnetite d. 1538 
Manganese oxide (MnO) 1650 Copper oxide (CuO) d. 1026 
Cobalt oxide d. 800 Copper oxide (Cu, O) d. 1235 
Copper sulphate (anhydrous) 200 
Sodium chloride (NaCl) 804 Calcium phosphate (Ca, (P04), ) 1670 
Calcium sulphate (CAS04) 1450 
d= decompose or dissociate upon beating. 
Adapted from Turner (1930,370). 
Table 2.27b The melting points of some common silicates (binary melts). 
Na, O, SiO, 1089 CaO, Al,, O, 1600 
Na, O,, 2SiO, 874 MgO, A1103 2135 
2Na, O, SiO, d. 1120 AIO,, SiO, >1550 
K, O, SiO, 976 3AlO,, SiO, d. 1810 
K, O, 2SiO, 1036 FeO, SiO, 1550 
K, O, 4SiO, 765 2FeO, SiO,, 1255 
Na,, O, Al, O, 1650 MnO, SiO, 1273 
cao, sio, 1540 2MnO, SiO. 1300 
2CaO, SiO. 2130 mgo, sio, 1557 
3CaO, 2SiO, 1475 2MgO, SiO, 1890 
Adapted from Turner (1930,380). 
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Table 2.28 The composition of high-magnesia glass after successive remeltings. 
Composition wt% 
From original After I After 20 
batch remelting remeltings 
sio, 70.90 70.89 70.21 
Fe, O, 0.10 0.11 0.13 
AI, O, 0.72 0.89 1.64 
CaO 5.52 5.44 5.54 
MgO 3.52 3.62 3.42 
Na20 16.26 16.22 16.05 
YO 1.26 1.18 1.11 
I 
Adapted from Gehlhoff and Tbomas (1930,288). 
Table 2.29 The melting points and dissociation temperatures of some common glass 
compounds. 
Melting point Boiling point Dissociation 




NaCl 801 1413 
KCI 776 1500 - 
Na, SO, 884 - 1200 
Y'so, 1076 
CaC03- ca. 400 
mgCO., below 400 
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Table 4.1 Blue-green glassworking waste from Mancetter. 
Numbers of fragments 
Context mollas Roun. Heat Trails Rounded Total 
dals off acted lumps 
lumps 
W 64 7 3 9 19 
W (7) 6 1 1 
W69 (7) 1 8 12 4 1 25 
W69 (7) 6 1 - 
W69 (7) 11 4 1 2 - 7 W69 (7) 12 2 7 2 1 12 
W69 (7) 13 - 
W69 (7) 14 2 - - - 2 W69 (7) 21 - 2 1 3 
W69 (7) 24 20 2 45 13 3 83 
W69 (7) 27 1 
W69 (7) 28 1 2 
W69 (7) 29 1 
W69 (7) 30 1 
W69 (7) 31 1 
W69 (7) 40 - 1 
W69 (7) 41 1 1 
W69 (7) 43 1 1 
W69 (7) 56 1 
W69 (7) 68 1 1 
W69 (7) 72 1 1 2 
W69 (7) 74 1 - 1 
W69 (7) 76 1 1 
W69 (7) 82 1 1 
W69 (7) 90 1 1 
W69 (7) 92 3 2 5 
W69 (7) 110 1 1 
W70 (7a) 1 1 1 3 
W70 (7a) 2 1 1 
W69 (7a) 4 1 1 3 
W70 (7a) 11 1 
W70 (16) 9 1 1 
W70 (17) 5 1 
W70 (17) 17 1 
W70 (18) 5 1 1 
W70 (20) 1 - 1 1 
W70 (22) 1 1 1 
W71 (20) 30 1 1 
W77 (7120) 4 3 1 - 5 
W77 (7/20) 16 1 2 1 4 
W77 (7/20) 35 2 - 1 3 
W77 (7/20) 48 2 2 
W77 (7/20) 62 1 - 1 
W77 (7/20) 63 47 4 33 18 17 127 
W77 (7/20) 64 9 2 2 5 1 19 
W77 (34) 15 1 - - - 1 
W77 (34) 37 1 1 
W77 (34) 40 1 - I 
Total 128 18 114 66 30 356 
Source: HEM Cool, personal communication. 
355 
Table 4.2 Glass waste in colours other than blue-green from Mancetter 
Context Numbers of fragments Total 
Colourloss Yellow-brown Yellow-green 
Molles Trails Moll*$ Heat affected Heat affected/ Trails 
lumps rounded lumps 
W69 (7) 124 
W69 (7) 11 11 
W69 (7) 12 11 
W69 (7) 24 178 
W69 (7) 29 1 
W77 (7/20) 63 1529 
Total 6 12 1221 24 
Source: HEM Cool, personal communication. 
<T>1 
Table 4.3 Blue-green glass waste from Blue Boar Lane, Leicester. 
Numbers of fragments (weights to nearest 5g In bracket*) 










A1 (28) - - 1(5) 1 
81 (14) 1(5) 1(5) 4(5) 6 
A 11 (9) 1(5) 1 
B 11 (8) 1(10) 1 
B IX (18) 1(5) 1(5) 2 
B1 (2) 1 
B1 (6) 3(5) 11(5) 4 
B1 (8) 7(10) 3(5) 3(5) 1(5) 6(10) 20 
81 (10) 1(5) - 2(5) 1(5) - - 4 
81 (19) 41(45) 62(70) 63(80) 
. 
10(20) 43(30) 90(105) 309 
AI Pit 1 2(5) - 3(15) 3(5) 2(15) 10 
AI Pit IV 1(5) 1(5) 1(5) 1(5) - 4 
A VI (1) 1(5) - 1(5) - - 2 
81 Pit 1 2(5) - 3(5) 4(15) 9 
Total 57 69 70 16 51 ill 374 
(80-85) (80-90) (90-100)(45-50) (40-50) (170-180) 
Source: HEM Cool, personal communication. 
Table 4.4 Colourless glass waste from Blue Boar Lane, Leicester. 
Numbers of fragments (weights given to nearest 5g In bracket*) 
context Molles Roun- Pinched Water Lumps Total 
dels frogs. rounded 
lumps 
B1 (19) 1(5) 2(5) 7(5) 3(5) 3(5) 16 
AI Pit 1 1(5) --- 1(5) 2 
Total 2(10) 2(5) 7(5) 3(5) 4(10) 18 
Source: HEM Cool, personal communication. 
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Table 4.5 Summary of the archaeological development of Site 4 (Powicke Lane 
North), Deansway, Worcester (HWCM Interim Report, 1989). 
Period Date Characteristics 
1 Geological time Natural deposits. 
2 Pro-Roman East-west linear cut, possible agricultural 
activity. 
31 st-3rd centuries Unear gullies and features associated with 
iron smelting and glass melting activities, 
East-west pebble surface to the north. 
Timber building to the south. 
4 Mid 3rd-4th centuries Buda] ground - 14 graves, 3 decapitations. 
5 4th-1 1th centuries Formation of dark soil. 
61 Ith-15th centuries Stone founded domestic building set back 
from street frontage. Pits. 
7 16th-19th centuries Pits and buildings. 
Adapted frorn: Deansway Archaeological Project, HWCIVI 3899 -Deansway, Interim 
Excavation Report, December 1989. Archaeology Section, Hereford and Worcester 
County Museum. 
Table 4.6 Numbers of glass fragments recovered from the four sites at Deansway, 
Worcester. 
Site number 1234 Total 
No of 3 74 14 157 248 
fragments 
Source: Cool and Jackson, forthcoming. 
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Table 4.7 Glass waste from Deansway, Worcester. 
Bluo-groon glass waste 
Weight (g) 
Context Molles Roundels Pinched Trails/ Water Chips Vitrified Total 
frags. lumps rounded & lumps waste 
lumps 
20535 2.54 4.63 1.78 2.12 18.00 12.58 6.84 48.49 
20608 0.64 2.15 0.53 0.34 3.28 6.94 
20609 0.61 1.24 2.27 - 10.94 15.06 20610 - 0.30 - 0.45 1.13 1.88 
Total 3.18 7.39 3.55 5.03 18.00 27.257.97 72.37 
Colourles *glass waste 
CA)nto)d Molise Roundels Pinched Trails Water Chips Total 
lumps rounded & lumps 
lumps 
20535 0.55 4.23 5.28 10.06 
20608 0.45 0.03 - 9.94 10.42 
20609 0.17 0.22 0.96 0.61 1.43 25.92 29.31 
Total 0.17 0.22 1.96 4.87 1.43 41.14 49.79 
Ught-green glass waste 
Context Rotindele Trails Chips 
20535 1.05 
20608 1.47 - 
20609 0.5 - 0.35 
Total 0.5 2.52 0.35 
Note: Because of the very small size of these fragments, weights (g) and not numbers 
of fragments are represented. 
Source: Cool and Jackson, forthcoming. 
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Table 4.8 Summary of the archaeological development of 16-22 Coppergate. 
Period Date Description 
1 Late lst-late 4th centuries Roman timber and stone buildings; late 
or later. Roman cemetary. 
2 5th-mid 9th centuries Apparent desertion. 
3 Mid 9th-late 9th/ Rubbish disposal, suggesting occupation 
early loth centuries close by. Post/stake and wattle 
t 
alignments, possibly boundaries. 
4A Late 9th/early loth Realignment of boundaries, suggesting that 
centuries, c. 930/5 Coppergate was Wd out by this period. 
Possible buildings at Coppergate frontage. 
4B c. 930/5-c. 975 Four tenements distinguishable, with post 
and wattle buildings at Coppergate 
frontage. Evidence for ironworking and 
other trades on a commercial scale. 
5A c. 975 Near Coppergate frontage only. Layers 
between structures of Periods 4B and 513; 
probably mixture of dump deposits and 
soil from 5B basements. 
5B c. 975-early/mid 11 th Perpetuation of boundaries. Introduction of 
centuries sunken features in double row at street 
frontage. 
5Cf Mid-later 11 th century Organic-rich deposits at street frontage, 
associated with buildings which survive 
only in Tenement D. 
5Cr Mid-later 11 th century Post-built structure sealed by earliest in a 
succession of dump deposits. 
6 Later 11 th-1 6th centuries No remains surviving at street frontage, but 
area to rear increasingly built up above 
later dump deposits. 
(after Hall 1990,377-81). 
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Table 4.9 Quantification of glass fragments from Coppergate. 
Numbers of Fragments Weight (g) 
Total Assemblage Roman Assemblage 
Total Roman Total Mean per Total Mean per 
fragment fragment 
Unstratified 352 118 613.76 1.74 223.66 1.89 
1 232 232 446.28 1.92 446.28 1.92 
1/3 26 26 47.09 1.81 47.09 1.81 
2 90 90 126.54 1.40 126.54 1.41 
3 577 567 766.62 1.32 748.05 1.32 
4 GO 30 44.80 1.49 44.8 1.49 
4/5 9 9 70.64 7.84 70.64 7.84 
4A 44 32 37.25 0.84 29.01 0.90 
4B 459 276 774.62 2.15 263.01 0.95 
5 36 33 116.30 3.23 51.24 1.55 
5A 105 84 131.26 1.25 105.86 1.26 
5B 302 189 441.23 1.46 339.29 1.79 
5Cf 17 5 50.08 2.95 11.41 2.28 
5Cr 75 44 64.97 0.86 49.76 1.13 
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Table 4.11 Quantification of glass fragments from Coppergate, by colour. 
Weight (g) 
Colour Numbers of fragments Total Assemblage Roman Assemblage 
Total Roman Total Mean per 
fragment 
Total Mean per 
*agment 
Blue-green 708 696 1781.47 2.51 1590.51 2.28 
Black 32 4 725.29 22.66 8.45 2.11 













Cobalt blue 29 21 12.15 0.42 6.21 0.29 
Forest 526 429.42 0.82 
Green 62 39 243.21 3.92 45.88 1.18 
Light blue 21 20 12.13 0.58 12.05 0.60 
Light green 156 142 258.81 1.66 233.18 1.64 
Red 2 - 0.88 0.44 - 
Turquoise blue 3 1 1.22 0.41 0.35 0.35 
Yellow 16 15 17.24 1.08 11.40 0.74 
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Table 4.13 The relationship between ceramic and glass colour in the glassmelting 
pots from Coppergate (where colour could be ascertained). 
Glass colour Ceramic fabric colour 
(number of fragments) 
Red Buff Black/grey 
Light-green 144 52 1 
Blue-green 7 0 0 
Colourless 5 13 0 
Dark/cobalt blue 0 0 0 
Yellow 0 1 0 
1"40% 1 to 
Table 4.14 The relationship between the colour of the furnace debris and the 
adhering glass from Coppergate (where glass colour could be identified). 
Glass colour Furnace fabric colour 
Red Grey/black 
Light green 23 3 
Colourless 10 




Table 4.15 The colour of the melted glass waste from Coppergate. 
Numbor Percentage 
Blue-green 24 55.8 
Light-green 9 20.9 
Colourless 8 18.6 
Dark/cobalt blue 2 4.7 
TOTAL 43 
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Table 4.16 The quantification of glass waste at Coppergate by period. 
Waste class Period 
1 
1. Furnace debris xxx xxx xxx xxx x 
2. Glass and quartz x xx x xx 
3. Glassmelting pots x x xxx x xx 
4. Glass/quartz/ceramic x -- x x x 
5. Glass waste x x xx x xx 
xr presented 
xx w: 11 represented 
xxx in abundance 
not represented 
Table 4.17 The chronology of the Coppergate site according to studies using pottery 
as an indicator. 
Period Amounts of pottery (number of shords) 
Roman Middle Anglo- Later 
Saxon Scandinavian Anglo-Saxon 
3 8820 37 1273 
1/3 148 20 
4A+B 5273 66 10405 3 
5A+B 4782 62 15325 693 
4/5 270 6 188 17 
5C 904 17 2772 577 
0 
Source: Mainman (1990,388). 
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Table 4.18 Summary of the archaeological development of 46-54 Fishergate. 
Period Date Description 
1 Natural. 
2 Late 1 st-4th centuries Roman agricultural activity. 
3a Early 8th-mid 8th century Anglian occupation. Well spaced 
properties, shallow boundary ditches, post 
built structures, craft activities and trading. 
3b Mid 8th Abandonment and burning (charcoal), 
probably domestic. Levelling of first 
settlement 
3c Mid 9th century Anglian re-occupation. Ditch and pit 
groups. High status artefactual 
assemblage. 
4&5 11 th-1 3th centuries Re-occupation of site. Structure and 
boundaries, cemetery and church built and 
re-built. Cemetery continually used. 
6&7 13th-16th centuries First remains of Gilbertine Priory. 
Subsequent rebuilding and alterations. 
8-11 16th century-present Virtual abandonment until building of a 
glass factory in the later 19th century. 
Adapted from: Kemp (1991,211-220). 
P 
Table 4.19 The quantification of glass fragments from Fishergate, York. 
Perloc! Number of fragments Weight 
(9) 
Unphased 1 4.0 
1 0 
2 34 4.6 
3 473 117.6 
4 263 90.5 
5 0 
6 288 255.8 
7 98 153.6 
a 4 6.0 
9 1 2.7 
10 0 - 
11 6 6.7 
Total 1168 611.5 
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Table 5.1 Unes chosen for analysis using the TRACE program on the ICPS 
spectrometer at Egham, and possible interferents. 
Element Spectral Une Atomic (A) or Major Interferences 
Wavelength Ionic (1) line* 
(nm) 
Al 308.21 A Cal, 6, Mg4 , Fe 
4, Moß 
Fe 259.94 1 Cal, Mg41A14, Mn" 
Mg 383.83 A Fi, Mn' 
Ca 315.89 1 sr15 
Na 588.99 'A 
K 766.49 A 
T, 337.28 
Mn 257.61 W 
p 178.22 A Mg5, Ca5, AJ5, Mn5, Cu" 
Pb 220.35 1 AP 
Sb 206.83 A Al", Crß 
Ba 455.40 
Co 228.62 Fes 
Cr 267.72 Na3, Fe, Mg' 
Cu 324.75 A Cd, Fi, Mg4 Ar 
u 670.78 A 
Mo 202.03 1 Al', ý, Mg", Mn" 
Nb 316.34 na, FJ, Mg" 
Ni 231.60 1 555 mg, Ca5, Mn je 
Sc 424.68 
Sr 407.77 
v 290.88 1 Fee 
y 371.03 1 
Zn 213.86 A L%U2, Fe", Ni" 
zr 339.20 1 
La 398.85 1 cd 




Dy 353.17 1 
Yb 369.42 1 
*N Blades (personal communication). 
'ThomPson and Walsh (1983,90-106). 
2 Mermet and Trassy (1981,65). 
karson ot ah, (1975,241). 
'Ward et al. (1977,10 1). 
r"Thompson and Walsh (1983,125). 
c'McQuaker eta/. (1 979a, 893). 
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Table 5.2 In-house silicate rock standards from Royal Holloway and Bedford New 
College, Egham*. 
Sample KCIO KCII KC12 KC13/14 
A1203 17.4 16.5 15.2 11.6 
Fe2o, 9.9 8.71 2.8 1.68 
mgo 7.7 3.99 1.2 0.01 
CaO 11.9 6.86 1.8 0.21 
Na2o 2.4 3.30 4.2 3.78 
K20 0.2 2.15 4.3 4.78 
T102 0.84 1.10 0.35 0.13 
P205 0.09 0.32 0.12 0 
MnO 0.13 0.14 0.05 0.02 
mm 
Pb 1 8 10 16 
Ba 126 491 1600 112 
Co 45 27 8 <2 
Cr 330 111 25 <10 
Cu 170 108 27 2 
u 6 (380) 8 38 
Mo n. a. n. a. ma. ma. 
Nb <5 12 <5 26 
Ni 104 280 15 <5 
Sc 33 24 4 <l 
Sr, 360 370 460 8 
v 220 210 30 <5 
y 13 28 6 120 
Zn 60 119 42 90 
Zr 38 145 160 420 
La 4.3 23 37 59 
Ce 9.2 49 70 120 











Dy 2.0 4.45 1.2 18 
Yb 1.1 2.2 0.5 11.2 
n. a. Values not available. 
*Kindly donated by Dr JN Walsh, Department of Geology, Royal Holloway and Bedford 
New College, University of London, Egham. 
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Table 5.3 Contamination experiments (values in brackets indicate declared 
contaminants). 
Sodium carbonate Calcium carbonate Distilled water Blank 
(1 sample) (I sample) (Mean 5 (Mean 5 
samples) samples) 
a 
on AJ203 0.01(0.001) 0.01 0 0 
Fe203 0.02 (0.001) 0.02 (0.001) 0.02 0 
mgo 0.01 0.02(0.02) 0 0 
CaO 0.04 (0.013 with Mg) 62.66* 0 0 
Na2o 41.07* 0.05(0.03) 0 0.01 
K20 0.00 (0.005) 0.01 (0.005) 0.02 0 
T102 0.01 0.01 0.01 0.01 
P205 0,00 (0*001) 0.09 0 0 
MnO 0.01 0.01 0.01 0.01 
P-P-M 
Ba 0 45(300) 0 1 
Co 1 9 0 
Cr 3' 12 1 4 
Cu 4 4(10) 1 0 
u 2 0 0 4 
Mo 2 0 0 0 
Nb 2 15 0 0 
Ni 4 0 0 3 
Sc 0 2 0 0 
Sr 4 3 0 0 
v 2 8 1 0 
y 1 2 0 0 
7-n 7 9 1 9 
Zr 9 13 0 0 
La 1 0 0 0 
Ce 5 0 0 0 
Nd ! 2 19 0 0 
Sm 1.12 4.39 0.10 0.1 
Eu 0.09 0.96 0 0 
Dy 0.46 1.26 0 0 
Yb 0.14 0.95 0 0 
*These values are not as accurate as would be expected. Proportions of CaO in CaC03 
and Na2 0 in Na2CO3 should be 56% and 58% respectively. These discrepancies are 
probably due to the extremely high values of these elements, which are outside their 
linear dynamic range as determined in the spectrometer. 
369 
Table 5.4 Precision values for KC1 1 in-house standards. 
Intra-day 11 day (n w 26)] Intor-day 16 days (n = 1311 
Moan & S. D. Prodsion Mean & S. D. Prodslon 
AI, O, 16.74 1 0.50 3.0 16.23 1 0.72 4.4 
Fe. 03 9.30 1 0.23 2.5 8.92 1 0.39 4.4 
mgo 4.08 1 0.12 2.9 3.94 0.18 4.6 
cao 6.90 1 0.18 2.6 6.66 0.25 3.8 
Na, O 3.10 i 0.15 4.8 3.06 0.24 7.8 
1(, 0 1.90 * 0.10 5.3 1.98 0.15 7.6 
TiO, 1.14 t 0.04 3.5 1.11 0.05 4.5 
P, 05 0.34 * 0.01 219 0.34 t 0.01 2.9 
MnO 0.15 1 0.01 6: 7 0.15 1 0.01 6.7 
"2111 
Ba 511 1 21 4 489 * 29 6 
Co* 85 t 282 332 40 * 124 310 
Cr 127 t 7 6 124 :k 24 19 Cu 104 & 5 5 102 t 5 5 
Li 366 :k 20 5 366 1 25 7 
Mo 15 1, 1 7 57 1 63 111 
Nb 14 1, 1 7 14 1 2 14 
Ni 293 t 7 2 281 t 10 4 
Sc 25 1 1 4 24 :t 1 4 
Sr 378 t 13 3 365 t 21 6 
v 220 1 6 3 213 :k 8 4 
y 32 1 1 3 30 1 1 3 
Zn 118 1 3 3 116 1 6 5 
Zr 32 t 4 13 30 1 4 13 
La 33 1 1 3 31 t 3 10 
Ce 58 1 2 3 55 i 3 5 
Nd 75 1 2 3 77 1 3 4 
Sn 10.6 i 0.50 4.7 10.19 f 1.19 11.7 
Eu 21 0 0 1.69 1 0.17 10.0 
Dy 6.80 1 0.41 6.0 6.34 t oo9o 15.5 
Yb 3.08 t 0.28 9.1 3oI7 t 0.25 7.9 
*The values of precision for Cc are influenced here by a single value of 1436 ppm compared to a 
mean of around 28 pps. If this is omitted from the data, intra-day and inter-day precision becomes 
29 14 ppm (14%) and 29 :k 12 pps (42%) respectively. 
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Table 5.5 Precision of archaeological glass samples analysed on four separate 
occasions (corrected for instrument drift). 
Prodslon (%) 
10683 14321 13857 9904 12201 12212 11984 13952 11894 13515 
A1,0, 1.2 2.4 6.8 3.0 3.0 4.7 3.5 1.3 2.0 3.5 
Fe, 0, 1.4 2.7 6.3 3.1 1.1 4.0 1.2 1.1 2.5 1.8 
ugo 1.8 2.6 5.3 1.5 3.1 4.8 3.6 1.7 1.9 3.0 
cao 0.9 2.4 4.2 3.4 2.5 2.7 2.0 1.3 0.8 1.5 
Na, 0* 24.4 31.5 37.4 29.8 27.4 21.2 25.3 25.3 29.0 18.9 
K, 0 3.3 6.5 9.5 4.5 5.3 7.3 6.8 4.0 4.8 7.6 
Ti09 0 7.1 6.3 138.9 5.6 0 0 6.3 0 0 
PIA 6.2 10.0 23.8 10.6 23.8 6.7 23.8 7.7 20.4 16.7 
MnO 4.1 10.0 25.0* 5.2 40.88 3.5 25.0' 3.1 25.0' 4.3 
221, 
Be 2 3 9 5 6 5 3 2 3 3 
Co 23 3 74 53 28 20 74 25 24 16 
Cr 19 42 39 37 37 35 27 34 37 72 
Cu 7 4 19 3 7 5 29 15 15 15 
Li 36 33 26 15 28 13 42 46 36 46 
Mo 124 134 130 123 127 130 126 121 134 149 
Nb 26 23 17 23 21 23 21 13 29 29 
Ni 14 6 13 13 17 11 25 9 15 6 
So 0 0 0 39 0 0 0 0 0 40 
Sr 3 3 9 5 5 4 4 2 3 4 
V 7 9 7 4 7 5 9 4 9 40 
y 6 6 9 0 0 7 0 0 0 6 
Zn 9 20 12 7 23 8 11 8 13 64 
Zr 42 33 15 16 20 24 15 12 11 42 
La 9 11 9 9 13 11 12 12 9 18 
Ce 12 13 14 10 16 15 15 9 17 13 
Nd 36.6 28.5 30.8 35.4 36.7 32.7 40.0 29.7 36.8 15.2 
so, 17.2 15.9 28.9 , 12.7 31.7 38.0 30.3 31.6 32.0 35.5 
Eu 41.6 37.5 65.6 44.3 31.7 40.6 41.9 38.1 43.6 29.6 
Dy 12.9 30.2 18.6 22.3 67.6 19.3 17.2 21.6 18.6 71.5 
Yb 22.1 26.0 37.5 22.7 32.8 22.1 30.6 22.7 32.8 13.8 
Sb 100. e 12.3 18.7 Me 7.0 7.7 n. d. 6.3 4.7 Me 
Pb all values too low to provide reliable estimates of precision. 
* Soda values are considered erroneous because of problems with calibration (see Appendix 2). 
A Val4es too low to provide reliable estimates of precision. 
n. d. = not determined. 
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Table 5.6 Accuracy values for KC1 I in-house standards. 
Published concentration Accuracy 
for KC1 I (% of published concentration) 
Intra-day Inter-day 
(I day) (5 days) 
ý1,03 
16.51 +1.4 -1.7 
Fe2o, 8.71 +6.8 +2.4 
mgo 3.99 1 +2.3 -1.3 cao 6.86 +0.6 -2.9 
Na2o 3.3 -0.9 -7.3 
V,, 0 2.15 -0.9 -7.9 
TiOR 1.1 +3.6 +0.9 
P, O,, 0.32 +6.3 +6.3 
MnO 0.14 -7.1 -7.1 
VIA 
Ba 491 -4.1 -0.4 
Co 27 +214.8 +48.0 
Cr Ill +14.0 +11.7 
Cu 108 -3.7 -5.6 
Li 380 -3.7 -3.7 
Mo 
Nb 12 +16.0 +16.0 
Ni 280 +4.6 +0.4 
Sc 24 +4.1 0 
Sr 70 +2.1 -1.4 
v 210 +4.8 +1.4 
y 28 +14.3 +7.1 
Zn 119 -2.5 -2.5 
Zr 145 -77.9 -79.3 
La 23 +43.5 +34.8 
Ce 49 +18.4 +12.2 
Nd 26.5 +183.0 +190.0 
Sm 5.2 +103.8 +96.0 
Eu 1.4 +43.0 +20.7 
Dy 4.45 +52.8 +42.5 




Table 5.7 Minimum detectable levels for elements used in this study. 
Element Spectral Minimum detectable levels 
line (ppm) (3a) 
In Sample In Solution 
Alt03 308.21 21.67 0.22 
Fe, 0 259.94 69.96 0.69 
Ugo 383.83 26.12 0.26 
Ca0 315.89 530.37* 5.37* 
Na, 0 588.99 296.51 29.7* 
ro 766.49 72.22 0.72 
Tio, 335.05 67.89 0.68 
plos 178.22 16.27 0.16 
mno 257.61 6.97 0.06 
Pb 220.35 4.95 0.05 
Sb 206.83 84.70 0.87 
Ba 455.40 0.049 0.001 
Co 228.62 3.85 0.04 
Cr 267.72 1.98 0.02 
Cu 324.75 0.62 0.06 
Li 670.78 0 0 
Mo 202.03 0.067** 0.007** 
Nb 316.34 1.47 0.015 
Ni 231.60 5.29 0.05 
So 424.68 0.25 0.002 
Sr 407.77 0.077 0.001 
v 290.88 2.04 0.02 
y 371.03 0.31 0.003 
Zn 213.86 0.86 0.009 
Zr 339.20 0.85 0.009 
La 398.85 1.82** 0.02** 
Ce 418.66 3.07** 0.03** 
Nd 430.36 3.1 0.03 
Se 359.26 0.82 0.008 
Eu 381.97 0.07 0.001 
DY. 353.17 0.42 0.004 
Yb 369.42 0.14 0.001 
Line forms a quadratic. 
A compromise best fit straight line obtained through scattered data points. 
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Table 5.8 A comparison of minimum detectable levels between published work and 
those calculated for this study. 
Spectral Minimum detectable levels (ng/mi") (2o unless stated) 
line Wingo* Wohlers* Fornando* Boumans* This work 
(3o)* 
Al 308.21 15 13 n. d. 30 116 
Fe 259.94 4 1.2 1.5 4.1 483 
Mg 383.83 n. d. n. d. n. d. 22 156 
Ca 315.89 n. d. 15 n. d. 15 4092 
Na 588.99 20 6 1.4 19 n. d. 
K 766.49 n. d. n. d. n. d. n. d. 597 
Ti 337.28 n. d. n. d. n. d. 4.5 408 
p 178.22 n. d. n. d. n. d. n. d. 70 
Mn 257.61 0.95 0.40 0.45 0.93 46 
Pb 220.35 30 11 20 28 5 
Sb 206.83 20 12 n. d. 21 84 
Ba 455.40 0.85 0.2 1.4 0.87 1 
Co 228.62 4.5 3.5 n. d. 4.7 40 
Cr 267.72 4.5 3.5 n. d. 4.7 20 
Cu 324.75 3.5 1.6 2.5 3.6 60 
Li 670.78 n. d. 0.2 n. d. 1.9 0 
MG 202.03 5.5 10 n. d. 5.3 7 
Nb 316.34 25 8 n. d. 27 15 
Ni 231.60 10 5 2.5 10 50 
Sc 424.68 n. d. n. d. n. d. 1.8 2 
Sr 407.77 0.3 0.2 0.045 0.28 1 
v 290.88 n. d. n. d. n. d. 5.9 20 
y 371.03 2.5 n. d. 0.35 2.3 3 
Zn 213.86 1.2 1.6 2 1.2 9 
Zr 339.20 5 1.6 2.4 5.1 9 
La 398.85 n. d. n. d. n. d. 7.3 20 
Ce 418.66 35 20 n. d. 35 30 
Nd 430.36 50 n. d. n. d. 50 30 
So 359.26 30 n. d. n. d. 29 8 
Eu 381.97 1.8 n. d. n. d. 1.8 1 
Dy. 353.17 6.5 n. d. n. d. 6.7 4 
Yb 369.42 2 n. d. n. d. 2.0 3 
Results obtained under compromise conditions. 
Results obtained under single element conditions. 
Note: Values obtained from this work have been changed from the oxide values in Table 5.7 to the 
element values expressed here. 
1ý17) All riesults except those from this work obtained from Boumans (1987,130-136). 
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Table 5.9 A comparison between minimum detectable levels calculated in this work, 
and mean values of oAdes and elements observed in archaeological 
glass. 
Minimum detectable Mean oxide and elern Got values from sites studied 
levels 3a Ohla work) (ppm) 
ppm In sample Mano. Lelo. Fisher- Woro, Copper- 
MDLx1 MDUS catter *star gate coater gats, 
(n=103) (r, 76) (n-77) (n-24) (n=234) 
A1,0 22 108 24400 23300 22400 24800 25300 , Fe, 0, 70 350 4800 6600 6100 7900 6100 
tAgo 26 131 5400 5500 7200 6100 6000 
cao 530 2652 70900 64300 75800 68800 66200 
Na, 0 297 1483 175200 184400 174300 178300 182500 
Klo 72 361 7000 6900 8600 10800 8500 
Ti09 68 339 800 1000 1100 1100 1000 
P, 05 16 ei 1400 1100 1400 1400 1100 
MnO 7 35 4100 2600 4000 4200 4000 
Pbo 5 25 300 300 1600 400 400 
Sb0, 116 558 1700 3700 2400 3700 2900 
Ba 0.1 0.25 228 201 251 248 232 
Co 3.9 19.2 8** 6** U** 8** 1()** 
Cr 2.0 9.9 22 23 24 28 25 
Cu 0.6 3.1 56 77 895 65 122 
Li 0 0 17 19 12 22 21 
Mo 0.1 0.3 110 109 19 19 10 
Nb 1.5 7.4 4** 4** 5** 5** 4** 
Ni 5.3 26.5 V** W* 17** W** W** 
80 0.3 1.3 j** j** 2* 2* j** 
Sr 0.1 0.4 425 395 410 417 426 
v 2.0 10.2 17 16 20 20 17 
y 0.3 1.6 8 8 8 8 8 
Zn 0.9 4.3 26 34 109 42 37 
Zr 0.9 4.3 197 240 222 234 206 
La 1.8 9.1 io* ll* 12* U* 12: 
Ce 3.1 15.4 V* 18* 21 * 22* 20 
Nd 3.1 15.5 7** 8** q** 9** lo** 
83 0.8 4.1 1.6** 1.7** 2.02** 2.09** 1.88** 
Eu 0.1 0.4 0.4** 0.4** 0.52* 0.53* 0.57* 
Dy 0.4 2.1 2.4* 1.9** 3.20* 3.39* 2.55* 
Yb 0.1 0.7 0.6** 0.6** 0.69** 0.74** 0.74** 
Elements and oxides which are below the recommended 5-f old MDL (Floyd et al. 1980,2170) are marked 
by an asterisk as follows: 
Elements below the 5-fold MDL level. 
Elements near the 5-fold MDL level. 
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Table 5.10 Summary table to show the reliability of the ICPS data analysed using the 
TRACE program 
Element Spectral Below 5-fold Accurate' Preciseg Straight 
line MDL in archaeol- line 
ogical sample A calibrationc 
Al 308.21 a a 
Fe 259.94 a a 
Ca 315.89 a a 
Mg 383.83 a a 0 
Na 588.99 b b 
K 766.49 b b 
Ti 335.05 a a 
p 178.22 b a 
Mn 257.61 b b 
Pb 220.35 n' , n. a. 
sb 206.83 : n: a n. a. 
Da 455.40 a b 
Co 228.62 e e 
Cr 267.72 c d 
Cu 324.75 b a 
Li 670.78 a b 
Mo 202.03 e x 
Nb 316.34 x d c 
Ni 231.60 a a 
So 424.68 x a a 
Sr 407.77 a b 
v 290.88 a a 
y 371.03 b a 
Zn 213.86 a b 
Zr 339.20 e c 
La 398.85 x e b x 
Ce 418.66 x c a x 
Nd 430.36 x e a 
So 359.26 x e c 
Eu 381.97 x e e 
DY 353.17 x e d 
yb 369.42 x e b 
Superscript 
A*a above the 5-fOld MDL, X= below the 5-fold MDL. 
Ba (<5%), b (5-10%), c (10-15%), d (15-20%), e (>20%). 
C*= straight line fit, 0= quadratic, X= best fit straight line through non- 
linear relationship. 
n. a. Value not available. 
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Table 5.11 Skewness and kurtQsis values for the glass analysed in this study. 
a) Skewness and kurtosis for blue-green glass from all the sites studied. 
Kurtosis Skewness 
Al, o, 26.194 . 772 Fe, o, -. 668 . 297 mgo 252.767 15.338 
cao 27.530 3.773 
Na, O 8.878 -1.436 
1ý0 9.900 2.548 
TiO, . 495 . 652 P, O, 34.217 4.224 
mno 5.169 1.738 
Pbo 82.223 8.861 
Sbýo, 7.204 1.282 
Ba 100.652 7.973 
Cu 123.713 10.543 
Li 42.532 4.032 
Ni 28.024 3.109 
Sr 16.660 -1.378 
v 9.063 2.001 
y 3.511 -. 739 
Zn 45.919 5.656 
La -. 469 . 178 Ce -. 281 . 740 
b) Skewness and kurtosis data from blue-green glass waste from Leicester (n=63). 
Kurtosis Skewness 
Al, O,, -. 348 . 318 Fe2O, -. 234 -. 084 
Mgo . 718 . 166 cao 6.835 2.456 
Na, O . 944 -. 644 K, O 6.950 1.017 
TiO2 -. 010 -. 029 
P. 05 2.064 1.317 
MnO 10.108 2.619 
Pbo 4.476 1.323 
Sb2os 
. 706 -1.089 
BA 3.118 1.363 
Cu 42,789 5.973 
Li -. 086 -. 545 
Ni -. 059 . 348 
Sr 10.726 3.098 
v 6.435 1.285 
y 1.063 . 675 
Zn 6.187 1.373 
La 1.391 -1.206 
Ce , -. 588 -. 213 
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Table 6.1 Mean compositions of all the glass groups from Coppergate, Mancetter, 











A1203 2.37 1 0.37 2.44 t 0.13 2.33 :k 0.18 2.47 ± 0.50 2.25 1 0.69 
Fe. 03 0.50 1 0.19 0.48 1 0.09 0.66 1 0.18 0.78 * 0.39 0.62 1 0.28 
mgO 0.58 1 0.22 0.54 t 0.05 0.54 * 0.07 0.60 f 0.10 0.73 1 0.85 
CaO 6.77 1 1.53 7.09 -t 0.79 6.43 ± 0.84 6.90 1 0.67 
7.53 1 2.07 
Na, O 18.5 t 1.6 17.5 * 1.1 18.4 ± 1.3 17.9 t 1.5 17.4 * 2.4 
K, O 0.74 * 0. ý29 0.70 * 0.14 0.69 * 0.10 1.05 * 0.71 0.86 * 0.46 
TiO, _ 0.09 1 0.02 0.08 * 0.02 0.10 * 0.02 0.10 0.07 0.11 * 0.07 
P, 06 0.10 1 0.10 0.13 * 0.02 0.11 * 0.02 0.14 0.04 0.14 * 0.09 
MnO 0.41 * 0.37 0.41 1 0.21 0.26 1 0.10 0.42 0.24 0.40 1 0.34 
PbO 0.04 t 0.08 0.03 * 0.02 0.03 1 0.03 0.04 0.03 0.16 1 0.33 
Sb205 0.29 t 0.23 0.17 * 0.17 0.37 * 0.17 0.37 t 0.12 0.24 t 0.25 
PAR 
Ba 231 1 80 228 1 22 201 1 22 247 53 253 t 121 
Cu 93 1 226 65 1 51 77 1 73 67 34 917 3181 
Li 13 7 16 3 19 10 16 10 12 6 
Ni 15 5 17 3 15 2 20 22 18 t 6 
Sr 435 :k 102 425 29 395 34 418 37 413 1 252 
v 16 7 17 t 4 16 3 20 6 19 t 7 
y 8 1 81 1 8 1 8 1 8t 1 
Zn 29 1 15 26 ;t 6 34 11 41 t 30 110 * 525 
Table 6.2 Mean compositions of blue-green, glass from Leicester, Mancetter, 
Coppergate, Worcester and Fishergate. 
Leicester Mancetter Coppergato Worcester Flahergate 
n- 66 n- 88 n- 76 n- 20 n- 48 
Al, O, 2.37 :t 0.13 2.45 t 0.11 2.55 t 0.27 2.49 :k 0.17 2.41 1 0.55 
Fe, O,, 0.69 t 0.17 0.48 t 0.09 0.54 t 0.18 0.76 t 0.12 0.65 :k 0.22 
mgO 0.55 1 0.03 0.53 1 0.05 0.60 t 0.15 0.61 :k 0.04 0.76 :k 0.96 
Cao 6.56 :k 0.77 7.08 t 0.66 7.05 0.76 7.10 :k 0.52 7.47 * 1.94 
Na, O 18.3 t 1.2 17.5 * 1.1 18.0 1.2 17.7 t 0.9 17.4 t 2.0 
1(, 0 0.71 t 0.08 0.70 t 0.15 0.80 t 0.22 1.02 t 0.40 0.93 t 0.36 
TiO, 0.10 t 0.01 0.08 1 0.02 0.09 1. 0.02 0.11 i 0.01 0.10 :k 0.02 
P, O, 0.12 t 0.01 0.14 t 0.02 0.13 1 0.05 0.14 i 0.01 0.14 :k 0.02 
MnO 0.27 t 0.08 0.43 i 0.17 0.53 1 0.27 0.48 t 0.22 0.37 :k 0.17 
PbO 0.03 t 0.01 0.03 t 0.02 0.03 t 0.03 0.05 :k 0.03 0.16 :k 0.37 
8 b2oll 0.35 t 0.16 0.16 t 0.15 0.19 i 0.15 0.34 t 0.09 0.25 t 0.26 
DOM 
Ba 206 1 15 230 t 21 252 :t 52 255 -t 35 259 i 123 
Cu 82 1 74 59 1 51 93 t 93 78 t 29 573 t 1361 
Li 20 :k 11 16 * 3 13 * 8 19 13 12 * 6 
Ni 16 t 2 17 1 3 17 :t 5 17 2 17 3 
Sr 398 t 28 424 1 27 432 :k 52 424 31 400 85 
v 16 t 2 17 1 4 19 :t 4 21 5 19 
5 
y 8t 1 8t 1 8t 1 8t1 8t 1 
Zn 35 1 11 26 1. 5 31 t 16 37 t5 51 44 
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Table 6.3 Some minerals commonly found in British sands. 
Formula Contributing to the final glass 
Titane/Sphene CaTiSi0,, Titanium 
Chromite FeCr2O4 Chromium and iron 
Haematite Fe203 Iron 
Magnetite Fe304 Iron 
Kaolinite AMS'401) (OH)3 Numinium 
Feldspars suc h as: 
Orthoclase KAIS'3081 Potassium, aluminium 
Albite NaAJSi. O. Sodium, aluminiurn 
Anorthite CaAl2S'2O, Calcium, aluminium 
Anorthoclase (Na, K)AIS'30, Sodium, potassium, aluminium 
Epidote Ca2(A], Fe)3S'30,2(OH) Calcium', aluminium, iron (possibly manganese, 
substituting for Ca, A] or Fe). 
limenite FeTiO3 Iron, titanium 
Table 6.4 Comparison between the compositions of high soda and high calcium 
glasses from Fishergate. 
Sodlum-rich glass Calcium-rich glass 
(n-66) (n-S) 
Mean and SD Mean and SD Range 
ý1203 
2.40 1 0.57 1.02 0.39 0.70-1.58 
Fe. 03 1 0.66 t 0.27 0.30 0.15 0.14-0.60 
lAgo 0.61 * 0.15 1.72 2.51 0.09-7.15 
Cao 6.89 * 0.83 12.78 1.92 10.2-16.3 
Na, O 17.94 t 1.54 13.31 3.82 7.6-18.1 
r, o 0.88 * 0.36 0.76 * 1.00 0.25-3.20 
TiOf 0.11 t 0.07 0.07 * 0.02 0.05-0.11 
P1105 0.13 t 0.04 0.20 t 0.26 0.06-0.83 
MnO 0.44 * 0.34 0.05 * 0.02 0.02-0.09 
Pbo 0.12 t 0.28 0.44 * 0.62 0.06-1.47 
Sb, o, 0.26 * 0.25 0.12 t 0.23 0.03-0.68 
DDM 
Ba 249 1 77 289 :k 313 72-1019 
Cu 1038 3376 28 1 33 8-109 
Li 12 6 16 t 3 12-21 
Ni 18 7 13 1 5 7-21 
Sr 407 t 88 463 t 773 83-2354 
v 19 t 6 26 13 12-45 
y 8 * 2 5 <1 4-5 
Zn 120 t 560 41 16 20-66 
0 
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Table 6.5 Mean compositions of alkalis containing relatively high calcium 
concentrations. 
Nile Jordan Washed Beech ash A Kell/ Oak 
evaporite" evaporitec seaweed Salicornia ash A 
ash A asho 
Na20 16.79 24.41 12.1 1.04 27.67 1.04 
CaO 15.61 19.20 10.2 22.5 21.21 22.5 K20 3.68 1.37 3.75 12.74 4.45 12.7 
mgo 10.33 8.13 8.23 3.60 0.48 3.60 
MnO 2.23 - 0.12 1.82 1.82 Fe2o, 1.45 0.15 0.57 0.57 
DDM 
Cu 120 170 190 0 
Zn 030 210 290 
Source: 'Sanderson and Hunter (1981); BTurner (I 956c, 289T); cSayre and Smith (1967, 
291). 
Table 6.6 The compositions of late third century glasses from Sedeinga, Sudan. 
Composition (%) 
Type Vessel Vessel Flat vessel Vessel, 
Colour Aqua Aqua Aqua Aqua colourless 
A1,0, 2.43 2.39 1.67 1.69 2.00 
Fe2o, 1.53 2.55 2.55 2.56 0.38 
MOO 2.69 2.61 2.76 2.86 0.38 
cao 9.88 10.2 10.2 10.3 5.32 
Na2o 16.2 16.9 15.8 14.8 17.7 
1ý0 - 2.50 2.47 2.47 3.17 0.38 
TiOg 0.15 0.15 0.18 0.10 0.05 
P. 05 0.90 0.96 0.96 1.31 0.03 
MnO 0.30 0.40 0.40 0.40 0.01 
PbO 0.03 0.06 0.10 0.02 
Sb205 0.05 0.05 0.07 0.01 0.40 
'The colourless vessel is included in the table as a means for comparison with other glasses, of 
the same date, found at Sedeinga. 
Source: Brill (1991,22-3). 
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Table 6.7 The composition of some Migration period glasses from GArdl6sa, 
Sweden. 
Typical soda-lime 




siot 64.4 65.5 62.5 62.5 
AI, O, 2.7 2.7 5.6 5.9 
Fe. 03 1.4 1.6 0.8 0.8 
mgo 1.2 0.9 1.9 1.8 
cao 6.9 4.8 12.7 13.0 
Na. 0 17.8 19.5 8.7 8.9 
1ý0 1.1 0.7 2.1 2.2 
TiO, 0.3 0.4 0.2 0.2 
MnO 1.8 1.8 3.1 3.0 
Sb203 0.1 0.1 0.3 0.3 
BaO 0.6 0.1 0.2 
Adapted from Stjernquist (1985,166). 
Table 6.8 The compositions of some calcium-rich Saxon window glasses from 
Repton, UK 
Colour Ught Light Dark Ught 
blue blue green blue 
Sample 3969 4103 3908 3486 
no. 
X1.0. 1.13 2.75 3.03 3.33 
Fe. O. 1.27 1.08 1.21 1.19 
MQO 0.12 3.38 3.70 3.66 
Cao 11.6 19.0 18.9 20.6 
Na, O 12.0 4.33 3.22 3.80 
r, o 0.57 2.95 2.32 2.44 
Tiot 0.08 0.16 0.19 0.20 
Pp 5 0.06 0.89 0.87 0.89 
Mno 0.06 0.07 0.07 0.09 
DDM 
Ba 412 334 282 356 
Cu 53 62 50 57 
Li 12 18 17 23 
Ni 12 43 182 88 
Sr 164 1373 1785 1363 
v 14 35 39 35 
y 4 11 9 10 
Zn 48 107 92 115 
Source: Jackson (1987,179). 
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Al, O, 2.59 :k 0.60 2.56 * 0.16 Fe, O, 0.61 :k 0.21 0.80 * 0.13 MgO 0.55 1 0.09 0.73 1 0.06 cao 6.86 1 0.94 6.33 * 0.53 Na, O 17.6 t 1.2 17.5 t 1.5 r, 0 0.93 1 0.34 1.13 t 0.41 Tio, 0.10 A 0.02 0.12 i 0,02 P. O. 0.14 t 0.02 0.15 i 0.02 
MnO 0.38 i 0.11 0.44 1 0.18 Pbo 0.04 :k 0.03 0.34 * 0.56 4ft Sb2O, 0.23 * 0.19 0.36 * 0.39 
Ba 234 1 26 267 t 33 
Cu 114 i 148 1349 & 2030 Li 9* 4 18 * 6 Ni 18 * 1 19 k 3 
Sr 407 1 52 436 1 35 
v 18 1 3 20 f 3 
y 81 1 91 1 
Zn 33 * 14 80 1 43 
Source: Hunter and Jackson (forthcoming) 
Table 6.10 Mean compositions of colourless, light-green-colourless and blue-green 
glass from Leicester. 
Colourloss Ught-groon- Blue-green 
colourloss 
(n - 6) (n - 3) (n 
31 
A1203 1.83 * 0.05 2.34 t 0.04 2.37 t 0.13 
Fe, 03 0.34 t 0.05 0.49 t 0.12 0.69 t 0.17 
ugo 0.39 t 0.07 0.56 t 0.03 0.55 t 0.03 
cao 5.13 t 0.83 6.11 1 0.12 6.56 ± 0.77 
Na, 0 7 ) 19.3 t 0.6 19.6 t 0.12 18.3 t 1.2 
, K, 0 - 77 0.48 t 0 0.74 t 0.06 0.71 :t 0.08 
TiO, 0.07 t 0.01 0.10 t 0.01 0.10 0.01 
P. o. 0.04 t 0 0.11 t 0.01 0.12 0.01 
mno 0.02 t 0.01 0.35 t 0.02 0.27 :t 0.08 
pbo 0.06 t 0.11 0.05 t 0.01 0.03 t 0.01 
Sb, 0, 0.61 t 0.08 0.46 t 0.01 0.35 t 0.16 
DDO 
Ba 144 1 6 208 t 6 206 t 15 
Cu 71 1 113 28 82 :k 74 Li 14 :k 1 17 1 20 1 11 
Ni 10 i 2 17 :k 1 16 i 2 Sr 347 1 73 404 1 7 398 ± 28 
v 9 1 18 1 16 t 2 
y 6 1 8 0 8 :k I Zn 21 1 1 34 4 35 -t 11 
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Table 6.11 Mean composftions of colourless, light-green-colourless and blue-green 
glass from Coppergate, York. 
Colourloss Ught-groon- Bluo-groon 
colourless 
(n - 64) (n - 7) (n - 75) 
Al, O, 1.95 * 0.13 2.35 * 0.29 2.55 * 0.27 
Fe203 0.36 * 0.09 0.55 * 0.15 0.54 * 0.18 
mgo 0.47 * 0.10 0.67 * 0.10 0.60 t 0.15 
cao 5.79 * 0.53 6.52 * 1.22 7.05 * 0.76 
Na. 0 19.4 * 0.6 18.6 * 1.47 18.0 * 1.2 
K, O 0.52 * 0.09 0.73 * 0.17 0.80 * 0.22 
TiO, 0.07 * 0.02 0.10 * 0.02 0.09 * 0.02 
P, O. 0.04 * 0.01 0.07 * 0.02 0.13 * 0.05 
MnO 0.09 * 0.15 0.70 * 0.41 0.53 * 0.27 
PbO 0.04 * 0.07 0.06 2 0.11 0.03 * 0.03 
Sb, O, 0.52 * 0.16 0.19 * 0.18 0.19 * 0.15 
DIA 
Ba 155 * 22 301 * 150 252 * 45 
Cu 19 * 18 99 * 118 93 * 93 
Li 11 *5 17 * 8 13 *8 
Ni 12 *3 16 * 4 17 *5 
Sr 404 * 67 427 * 24 432 t 52 
v 10 -t 4 19 * 6 19 *4 y 7t1 8 1 81 
Zn 22 *5 33 16 31 16 
Table 6.12 A comparison between colourless and blue-green glass from Worcester. 
Colourloss Blu"rom 
(n-3) (n-20) 
AI, O, 1.88 1 0.09 2.49 1 0.17 
Fe203 0.48 1 0.15 0.76 t 0.12 
mgo 0.47 * 0.08 0.61 * 0.04 
cao 5.92 * 0.64 7.10 t 0.52 
N220 19.6 * 1.0 17.7 t 0.90 
K,, O 0.57 * 0.07 1.02 :k 0.40 
TiO, 0.08 * 0.01 0.11 * 0.01 
P20, 0.07 1: 0.02 0.14 * 0.01 
MnO 0.12 * 0.09 0.48 * 0.22 
PbO 0.02 * 0.01 0.05 * 0.03 
Sb, 05 0.55 t 0.04 0.34 2 0.09 
DVM 
Ba 166 :k 18 255 :k 35 
Cu 17 :k 9 78 * 29 
Li 9 3 19 * 13 
Ni I1 1 17 *2 
Sr 391 51 424 :k 31 
v 12 3 21 5 
y 7 0 81 
Zn 30 t 4 37 t5 
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Table 6.13 Mean compositions of colourless glass from Worcester, Coppergate and 
Leicester. 
Worcester Copporgato Leicester 
(n-3) (n - 54) (n - 6) 
Al, O, 1.88 * 0.09 1.95 * 0.13 1.83 * 0.05 
Fe, O, 0.48 * 0.15 0.36 * 0.09 0.34 * 0.05 
mgo 0.47 * 0.08 0.47 * 0.10 0.39 * 0.07 
cao 5.92 * 0.64 5.79 * 0.53 5.13 1 0.83 
Na,, O 19.6 * 1.0 19.4 * 0.6 19.3 * 0.6 
1(, 0 0.57 * 0.07 0.52 * 0.09 0.48 * 0 
T'02 0.08 * 0.01 0.07 * 0.02 0.07 * 0.01 
P205 0.07 * 0.02 0.04 t 0.01 0.04 * 0 
MnO 0.12 * 0.09 0.09 * 0.15 0.02 * 0.01 
PbO 0.02 * 0.01 0.04 * 0.07 0.06 * 0.11 
Sb2O5 0.55 * 0.04 0.52 * 0.16 0.61 * 0.08 
[)Da 
Ba 166 :t 18 155 :t 22 144 t6 
Cu 17 t9 19 t 18 7*1 
Li 93 11 *5 14 1 
Ni 11 1 12 t3 10 2 
Sr 391 51 404 t 67 347 73 
v 12 t3 10 *4 9k1 
y 7t0 7t1 61 
Zn 30 14 22 t5 21 1 
Table 6.14 Mean composftions of colourless and blue-green glass from Mancefter. 
Colourloss Blu"reen 
(n (n 
AlgO3 2.24 0.19 2.45 0.11 
Fe, O, 0.50 0.10 0.48 1 0.09 
mgo 0.52 0.07 0.53 * 0.05 
CaO 6.20 0.56 7.08 * 0.66 
Na2O 18.3 1.74 17.5 * 1.05 
1(20 0.66 1 0.06 0.70 t 0.15 
TiO, 0.09 t 0.02 0.08 t 0.02 
Plos 0.12 0.03 0.14 t 0.02 
MnO 0.49 0.36 0.43 :k 0.17 
PbO 0.03 t 0.01 0.03 * 0.02 
Sb, O, 0.37 t 0.17 0.16 t 0.15 
PJ2-m 
Ba 213 * 38 230 * 21 
Cu 62 * 47 59 * 51 
Li 17 *2 Is *3 
Ni 18 *5 17 &3 
Sr 422 * 34 424 * 27 
v 18 *5 17 *4 
y 8 1 8 1 
Zn 31 9 26 5 
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Table 6.15 A comparison of colourless with nearly colourless (light-green-colourless) 
glass compositions from Fishergate. 
Colourloss Ught-groon-colourless 
(n - 8) (n w 6) 
AI, O, 1.13 1 0.87 2.06 t 0.63 
Fe,, O, 0.19 t 0.11 0.54 t 0.24 
mgo 0.32 t 0.16 0.65 :k 0.12 
cao 8.27 1 2.98 7.99 2.89 
Na, O 17.4 t 2.54 17.8 2.80 
K, O 0.31 t 0.18 0.69 1 0.17 
T'02 0.05 * 0.02 0.11 t 0.05 











Sb2o, 0.18 0.28 0.26 1 0.33 
DDM 
Ba 133 t 68 351 147 
Cu 12 t 3 108 131 
Li 9 * 5 11 7 
Ni 17 :t 17 16 zt 3 
Sr 197 t 160 449 t 52 
v 11 :t 7 31 :t 9 
y 5 t 2 8 :t 2 
Zn 28 :t 8 39 :t 17 
Table 6.16 Mean compositions of light-green-colourless glass from Leicester and 
Fishergate, in comparison with those from Coppergate (major oxides only). 
Lalcoster Fishergate Copporgale 
(n=3) (n-6) (n-7) 
Al, O, 2.34 t 0.04 2.06 t 0.63 2.35 t 0.29 
FeO, 0.49 :k 0.12 0.54 1 0.24 0.55 t 0.15 
mgo 0.56 t 0.03 0.65 t 0.12 0.67 t 0.10 
cao 6.11 : k' 0.12 7.99 * 2.89 6.52 -t 1.22 
Na, O 19.6 t 0.12 17.8 1 2.81 18.6 t 1.5 
1ý0 0.74 :t 0.06 0.69 :t 0.17 0.73 t 0.17 
TiOj? 0.10 t 0.01 0.11 t 0.05 0.10 t 0.02 
P. 05 0.11 1 0.01 0.13 1 0.04 0.07 * 0.02 
MnO 0.35 :k 0.02 0.93 1 0.50 0.70 t 0.41 
PbO 0.05 :k 0.01 0.04 * 0.06 0.06 t 0.11 
Sb205 0.46 t 0.01 0.25 :k 0.33 0.19 t 0.18 
385 
Table 6.17 Mean colourless glass compositions torn the five sites studied. 
Coppergate Leicester Worcester Mancetter Fishergato 
(n - 54) (n - 5) (n=3) (n - 9) (n = 8) 
A1203 1.95 0.13 1.83 1 0.05 1.88 1 0.09 2.24 1 0.19 1.13 1 0.87 
Fe, O, 0.36 0.09 0.34 0.05 0.48 * 0.15 0.50 0.10 0.19 1 0.11 
mgO 0.47 0.10 0.39 0.07 0.47 * 0.08 0.52 0.07 0.32 t 0.16 
Cao 5.79 1 0.53 5.13 0.83 5.92 * 0.64 6.20 0.56 8.27 * 2.98 
Na2O 19.4 t 0.6 19.3 0.6 19.6 1 1.0 18.3 1.74 17.4 * 2.54 
K, O 0.52 1 0.09 0.48 0 0.57 * 0.07 0.66 0.06 0.31 2 0.18 
TiOs 0.07 1 0.02 0.07 0.01 0.08 t 0.01 0.09 t 0.02 0.05 t 0.02 
P205 0.04 t 0.01 0.04 0 0.07 t 0.02 0.12 :k 0.03 0.07 t 0.03 MnO 0.09 t 0.15 0.02 t 0.01 0.12 t 0.09 0.49 t 0.36 0.02 t 0.01 
Pbo 0.04 t 0.07 0.06 t 0.11 0.02 t 0.01 0.03 * 0.01 0.04 t 0.05 Sb2O6 0.52 t 0.16 0.61 t 0.08 0.55 t 0.04 0.37 :k 0.17 0.18 * 0.28 x!! h I 
DDM 























Ni 12 t 3 10 t 2 11 1 1 17 t 17 18 t 5 
Sr 404 t 67 347 t 73 391 t 51 197 t 160 422 :k 34 
v 10 ' 4 9t 1 12 t 3 11 * 7 18 t 5 
y 7t 1 6t 1 7t 0 5t 2 8t 1 
Zn 22 t 5 21 1 1 30 t 4 28 t 8 31 t 9 
Table 6.18 The phosphorus content of some Roman glasses. 
Colour Thickness Origin Onto % PO, 
Pale yellow-green 1.5 mm Bosenhein 1st century 0.095 
Brownish yellow I an Bosenheim Ist century 0.153 
Blue-green 2-3 em K61n 2nd century 0.194 
Colourless 0.9 on Mainz 2nd century 0.103 
Almost colourless 0.5 an Mainz 2nd century 0.134 
Pale blue-green 6 mm K61n 2nd century 0.166 
Colourless 3 mm K61n 2nd century 0.035* 
Pale greenish - K61n 3rd century 0.131 
Blue-green Bonn 3rd century 0.162 
Yellow-green - K61n 4-5th century 0.239 
Blue 2-3 mm K61n 4-5th century 0.086 
Blue 2.5 mm Mainz 4-5th century 0.092 
Almost colourless 2 me K61n 4-5th century 0.008* 
*Underlined values indicate colourless glasses which are low in phosphorus. No indication of full 
composition of glass was given, or whether decolorizers such as manganese or antimony were present. 
Adapted from: Gielmann and Jeneman (1953, Table 2). 
386 
Table 6.19 A Comparison of Roman colourless glasses from Colchester with those 
analysed in this study. 
Coppergate Leicester Fishorgate Colchester' 
(n - 64) (n = 6) (n - 8) (n - 120) 
A1203 1.95 1 0.13 1.83 1 0.05 1.13 :k 0.87 1.94 :k 0.20 
Fe. o. 0.36 t 0.09 0.34 t 0.05 0.19 * 0.11 0.32 :k 0.08 
mgO 0.47 t 0.10 0.39 1 0.07 0.32 t 0.16 0.41 1 0.09 
cao 5.79 t 0.53 5.13 :k 0.83 8.27 t 2.98 5.70 :t 0.83 
Na, O 19.4 t 0.6 19.3 :k 0.6 17.4 :k 2.54 18.27 1 1.14 
1ý0 0.52 t 0.09 0.48 t 0 0.31 :t 0.18 0.52 1 0.10 
Tio, 0.07 t 0.02 0.07 i 0.01 0.05 0.02 0.07 t 0.02 
Pao, 0.04 1 0.01 0.04 t 0 0.07 0.03 0.06 t 0.02 
MnO 0.09 * 0.15 0.02 :k 0.01 0.02 0.01 0.05 * 0.14 
Pbo 0.04 t 0.07 0,06 t 0.11 0.04 0.05 0.05 1 0.11* 
Sb205 0.52 :k 0.16 0.61 1 0.08 0.18 0.28 0.55 :k 0.21* 
DDM 
BA 155 1 22 144 1 6 213 1 38 147 :k 28 
Cu 19 t 18 7 :k 1 62 t 47 12 :k a 
Li I1 5 14 1 1 17 * 2 3 * 2 
Ni 12 3 10 t 2 18 :k 5 13 1 3 
Sr 404 67 347 73 422 2 34 391 :k 91 
v 10 t 4 9 1 18 t 5 8 t 3 
y 7t 1 6 :k 1 81 1 7 1 1 
Zn 22 1 5 21 1 1 31 1 9 19 i 8 
"Heyworth et al. (1990, adapted from Table 1). 
* These values were scaled to oxide values from data published as Sb and Pb for colourless glass 
at Colchester (Heyworth et al., 1990, adapted from Table 1). 
Table 6.20 The composition of colourless glass from the first to fourth centuries from 
various sites around the Roman Empire. 
AA A A A B B C 
ý1,0, 1.5 1.6 1.7 1.7 2.0 2.00 1.81 2.75 
Fe, O, 0.3 0.2 0.3 0.4 0.3 0.38 0.30 0.40 
MgO 0.3 0.2 0.3 0.4 0.3 0.49 0.40 0.74 
Cao 5.3 5.4 5.7 6.2 6.4 5.32 6.01 9.18 
Na, O 17.4 17.1 17.0, 18.3 19.1 17.72 21.00 16.0 
Y"O 0.4 0.5 0.5 0.5 0.5 0.38 0.46 0.87 
Tio 2 0.1 0.1 0.05 0.03 n. d. 
PO, 0 0.1 0.1 0.1 0.1 0.3 0.2 n. d. 
MnO 0.1 0.1 1.69 
Pbo n. d. n. d. n. d. n d. n d. ' - n. d. Sb205 n. d. a n. d. ' n. d. 1 n: d. a n d. a 0.40 0.50 - 
A= 2-3rd century colourless relief cut vessel s from various sites in Britain (Boon 1985,15). 
B= 2-3rd century colou rless gla ss from Sedein ga, Sudan (Brill 1991,22-3). 
C=4 th century colourless glass from a glassma king site at Jalame (Schreurs and Brill 1984,201). 
nd not determined. 
below detectable li mits 
nd' not determined on this ana lysis but on a previous determination found to be around 0.6%. 
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Table 6.21 The compositions of some prehistoric glass from Britain and Egypt. 
Glastonbury and Mears, England Egypt 
NýW 
























1.2 1.1 0.7 
0.3 0.7 0.6 
1.2 1.1 0.7 
6.2 7.3 6.5 
17.1 17.5 21.2 
3.3 0.5 0.6 
n. d. n. d. n. d. 
n. d. n. d. n. d. 
n. d. n. d. n. d. 
0.6 0.4 0.6 
w. d. l. m. d. l. m. d. l. 
0.7 3.6 0.7 
0.3 0.4 0.5 
4.5 4.9 5.5 
3.9 8.9 9.6 
20.1 19.3 18.2 
2.2 1.1 1.5 
d. 1.0.1 d. 1. 
m. d. l. m. d. l. m. d. l. 
w. d. l. 0.4 0.5 
m. d. l. m. d. l. m. d. l. 
m. d. l. 0.7 m. d. l. 
All are colourless vessels except CI (see below). 
n. d. not determined. 
m. d. 1 below or at minimum detectable levels. 
A 1-3rd century BC, colourless translucent beads from Glastonbury and Meare Lake Villages, 
England (Henderson and Warren 1981,86-8). 
B Colourless Egyptian glass bead dated 1473-1458 BC (Bimson and Freestone 1988,12). 
C, Dark blue Egyptian jar inlay dated 1353-1333 BC (Bimson and Freestone 1988,12). 
C2 Colourless Egyptian jar inlay dated 1353-1333 BC (Bimson and Freestone 1988,12). 
Table 6.22 A comparison of the compositions of melted blue-green glass waste from 






2.47 -t 0.11 2.37 t 0.14 Fe. 03 0.48 0.09 0.69 t 0.16 
mgo 0.54 0.05 0.55 :t 0.02 
cao 7.20 0.59 6.56 1 0.78 
Na, O 17.2 0.98 18.3 1 1.20 
K, O 0.73 :k 0.18 0.70 t 0.07 
TiO, 0.08 -t 0.01 0.10 t 0.01 P. 05 0.14 1 0.02 0.12 t 0.02 
MnO 0.42 i 0.16 0.27 1 0.08 
PbO 0.06 t 0.02 0.03 1 0.01 
Sb2O, 0.13 :k 0.13 0.36 1 0.15 
ITM 
Ba 231 1 23 206 t 16 
Cu 58 1 55 83 1 75 
Li 17 2 18 t 3 
Ni 17 3 16 ± 2 
Sr 425 24 399 t 28 
v 16 3 16 1 2 
y 8 1 81 1 
Zn 26 1 5 36 :k 11 
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Table 6.23 A comparison between the two distributions of waste from Mancetter. 
Aroa W77(1/20)63/64 Aroa W69(7)24 
(n=29) 
A1203 2.48 1 0.12 2.45 * 0.10 
Fe2o, 0.50 t 0.10 0.45 * 0.07 
Mgo 0.54 :k0.06 0.53 * 0.03 
Cao 7.06 t 0.53 7.41 t 0.61 
Na, o 17.4 t 0.99 17.1 t 0.97 
r, o 0.72 t 0.14 0.72 t 0.23 
Tio, 0.08 :k0.02 0.07 t 0.01 
Plo. 0.14 * 0.02 0.14 t 0.01 
Mno 0.41 * 0.16 0.42 t 0.16 
PbO 0.03 t 0.02 0.03 * 0.02 
Sbo,, 0,14 * 0.14 0.12 * 0.11 
MAN 
Ba 234 t 15 227 t 31 
Cu 63 * 62 48 1 41 
Li 16 *2 17 13 
Ni 17 13 18 13 
Sr 419 i 18 436 1 29 
v 17 13 16 3 
y a*1 81 
Zn 26 t6 24 4 
Table 6.24 A comparison of blue-green melted glass waste from Mancetter, Leicester 
and Worcester. 
Mancetter Loicestor Worcostor 
(n-47) (n-63) (n-16) 
A1203 2.47 1 0.11 2.37 * 0.14 2.48 0.16 Fe203 0.48 t 0.09 0.69 t 0.16 0.79 0.10 
ugo 0.54 * 0.05 0.55 1 0.02 0.60 0.03 
Cao 7.20 t 0.59 6.56 1 0.78 7.00 0.23 
Na20 17.2 t 0.98 18.3 1 1.20 17.5 0.80 
V,, O 0.73 t 0.18 0.70 t 0.07 1.09 0.42 
Tiog 0.08 * 0.01 0.10 t 0.01 0.11 0.01 
PROS 0.14 t 0.02, 0.12 t 0.02 0.14 1 0.01 
MnO 0.42 * 0.16 0.27 * 0.08 0.44 * 0.08 
PbO 0.06 t 0.02 0.03 t 0.01 0.04 t 0.01 UPS 0.13 * 0.13 0.36 * 0.15 0.35 1 0.03 
DIM 
Ba 231 1 23 206 1 16 250 1 22 
Cu 58 1 55 83 1 75 al * 26 
Li 17 2 18 * 3 21 * 14 
Ni 17 3 16 * -2 17 * 2 
Sr 425 24 399 t 28 417 * 24 
v 16 3 16 t 2 20 t 2 
y 8 1 8 :k 1 8 >1 
Zn 26 t 5 36 t 11 38 4 
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Table 6.25 The compositions of refractory clays from the first to second millennium 
copper smelting site at Timna, Israel. 
Crucible Tuyere Furnace lining 
A1903 17.6 22.8 15.4 
Fe2o, 5.39 3.98 4.52 
mgo 3.52 0.79 1.32 
cao 6.60 0.83 1.14 
Na, O 0.67 0.62 0.56 
V. O 3.84 2.16 2.76 
TiOq 1.30 1.24 0.89 
MnO 0.10 0.02 1.63 
Maximum firing 
temperature I 175"C 12250C II 750C 
Adapted from Tite et aL (1990,160). 
Table 6.26 The analysis of the fabric of Roman/Medieval and Iron Age metalworking 
crucibles. 
Metallurgical crucible fabric 
Element/oxide York, Feasgataý Meare, Somersee 
(Roman/12-13C) Pron Age) 
iio' 62.6 76.7 
Fe. O. 2.6 
FeO - 2.7 
A1203 30.6 13.1 
MnO nil 
CaO 1.2 1.5 
mgO 0.1 1.5 
CU20 nil tr. 
PbO nil nil 
Ni - nil 





Cone refractoriness OC 1500-1600 
Cone refractoriness is the temperature at which clay softens. The maximum working temperature 
would be 100-2000C below this. 
I= Dyer and Wenham (1958,423); 
2= St. G. Gray and Bulleid, in Tylecote (1990,95). 
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Table 6.27 The compositions of the different types of clay used for the manufacture 
of German glasshouse pots. 
Difforerd Clay types 
0 
Grossalmorode clay Rakonitz shale clay 
High Silica High Alumina 
siot 70.16 51.42 
AlgOs 18.95 45.15 
FeqO3 1.02 1.70 
Mgo 0.13 0.10 
Cao 0.35 0.20 
Alkalis 1.12 
TiO, 1.52 1.10 
Source: Bartsch (1930,107). 
Table 6.28 The softening temperatures of glass crucible clays. 
High silica pots High alumina pots 
(AJ203 c. 230/*) (A'203 c. 45%) 
Softening begins 1420-14400C 1330-1370"C 
Complete Collapse 1500-15500C 1580-1620"C 
Source: Bartsch (1930,115). 
0 Table 6.29 The compositions of British glassmaking pots produced using Stourbridge 
I clays. 
Pat I Pat 2 Pot 3 
sio, 71.93 66.64 49.7 
Al 203 23.41 28.02 33.9 
Fe, O 
3 1.96 1.83 2.3 
mgo 0.28 0.55 0.3 
CaO 0.51, 0.38 0.2 
Na, O 0.11 0.04 
r., 0 0.74 1.13 
;. 
2 
TiO2 1.06 1.41 1.0 
Source: Evers (1930,122). 
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Table 6.30 The compositions of glassmelting pot clays from Coppergate. 
Sample 11861 11879 11315 11874 11911 
number 
Fabric Buff Rod Red Red Buff/Red Moan and SD 
Colour 
A1103 18.63 18.09 16.71 16.29 19.95 17.93 :' 1.48 Fe, O,, 2.93 7.91 5.76 6.79 4.71 5.62 t 1.92 MUO 0.69 1.11 0.51 1.41 0.62 0.87 * 0.38 Cao 0.46 1.03 0.42 0.60 0.51 0.60 t 0.25 Na2O 2.12 2.41 2.17 2.20 1.97 2.17 t 0.16 1(. 0 1.00 1.82 0.40 1.56 1.47 1.25 1 0.56 TiO, 0.95 0.88 1.04 0.75 1.18 0.96 t 0.16 Pilo, 0.05 0.09 0.08 0.08 0.07 0.07 0.02 
MnO 0.01 0.06 0.02 0.07 0.02 0.04 0.03 
sio, 73.2 66.6 72.9 70.3 69.5 70.5 t 2.7 by difference 
PDO 
Ba 307 356 280 429 337 342 t 57 Cu 5 5 4 12 12 at 4 
Li 1 24 1 2 3 6t 10 
Ni 29 59 33 64 39 45 t 16 
Sr 64 120 62 124 78 go 1 30 
v 130 152 132 100 152 133 t 21 
Y 22 18 17 23 26 21 t 4 
Zn 69 68 39 96 36 62 t 25 
La 30 34 21 30 30 29 * 5 
Ce 87 89 57 77 93 81 t 14 
Table 6.31 A comparison between Coppergate vessel and window glass, and the 
glass adhering to the glassmelting pots. 
Window and Vessel glass Glassmolting pots 
AI, O, 2.37 :&0.37 3.49 1.13 
Fe, O, 0.50 0.19 1.20 0.60 
MQO 0.58 0.22 0.67 0.12 
cao 
Na, O 
6.77 t 1.53 
18.5 t 1.6 
5.90 t 0.94 
17.1 t 1.81 
lqO 0.74 1 0.29 1.35 t 0.57 
TiOg 0.09 t 0.02 0.15 :k0.05 P. O. 0.10 :k0.10 0.12 t 0.04 
MnO 0.41 * 0.37 0.30 :k0.10 PbO 0.04 t 0.08 0.15 t 0.25 
Sb,, O,, 0.29 :k0.23 0.37 1 0.06 
DDM 
Ba 231 f 80 230 t 59 
Cu 93 1 226 365 * 615 
Li 13 *7 58 :k 101 Ni 15 t5 19 -t 4 Sr 435 t 102 380 t 53 
v 16 t7 24 -t 6 y 8t1 10 :k2 Zn 29 t 15 8i 62 
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Table 6.32 The compositions of the glass and ceramic at the interface in the 
glassmelting pots from Coppergate using SEM. 
(a) Sample 12474 
Element Ceramic Ceramlo- Distance Into glass from ceramic Intedaco (, Lm) Mid- 
glass glass 
matrIx 
so 100 iso 200 250 300 360 400 
(b t 
% 
Al 13.3 9.90 9.12 3.55 1.50 1.22 1.57 1.61 1.58 1.60 1.41 
Ca 0.46 0.53 1.26 4.53 6.16 5.26 4.92 4.64 4.70 4.42 4.4 
Na 3.16 10.8 11.3 11.9 12.2 11.1 10.9 10.5 10.5 10.2 10.7 
K 1.94 3.26 3.32 2.45 2.08 1.77 1.89 1.90 1.94 1.92 1.85 
Fe 0.24 0.17 0.12 0.05 0.04 0.04 0.05 0.04 0.03 0.04 0.04 
(b) Sample 14217 
Element Mid- Ceramic Ceramic- Distance across glass Interface (mm) Mid 
ceramic near glass glass 
break Interface matrix 
0.1 0.2 Oý3 OA 0.5 
Äl 14.2 8.42 6.98 1.97 1.21 1.40 1.33 1.64 1.59 
Ca 0.66 2.46 1.15 3.41 4.13 4.58 4.52 4.16 4.37 
Na 0.52 2.78 10.4 11.0 11.8 12.1 12.1 12.2 12.3 
K 1.06 1.71 0.96 0.64 0.53 0.54 0.63 0.63 0.69 
Fe 0.23 0.05 0.06 0.04 0.03 0.03 0.03 0.04 0.07 
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Table 6.33 A comparison of the compositions of different categories of glass 
production debris from Coppergate. 
Glass adhering Glass adhering Glass Melted glass Glass mixed Glass (total 
to quartz to melting mixed vAth with quartz data seQ 
pots quartz and ceramic 
(nm3) (n-35) (n-1) (n. 5) (n-2) (n-196) 
A1,03 3.09 t 0.46 3.49 * 1.13 4.80 2.54 ' 0.32 2.79 * 0.97 2.37 t 0.37 
Fe, 0, 1.22 t 0.37 1.20 t 0.60 1.93 0.70 * 0.21 0.78 t 0.30 0.50 t 0.19 
ugo 0.94 t 0.21 0.67 t 0.12 1.09 0.67 t 0.13 0.66 * 0.08 0.58 t 0.22 
eao 6.61 t 0.65 5.90 t 0.94 6.09 7.32 t 0.76 6.54 t 0.60 6.77 t 1.53 
Na, 0 13.1 t 1.68 17.1 t 1.81 13.6 16.9 * 0.82 17.6 ' 3.02 18.5 * 1.6 
f('o 2.49 t 0.57 1.35 * 0.57 2.12 0.94 t 0.36 1.05 t 0.64 0.74 t 0.29 
TiO, pl 0.16 * 0.03 0». 15 t 0.05 0.23 0.10 :t 0.02 0.11 t 0.04 0.09 t 0.02 i 
l p20. 0.25 t 0.10 0.12 t 0.04 0.22 0.14 k 0.06 0.10 :t 0.05 0.10 t 0.10 
mno 0.30 0.08 0.30 0.1 40.16 0.53 0.25 0.31 * 0.27 0.41 * 0.37 
Pb0 0.03 0.02 0.15 0.25 0.03 0.19 0.35 0.10 * 0.08 0.04 ' 0.08 
Sb, 0, 0.23 0.09 0.37 0.06 0.25 0.22 0.17 0.37 t 0.06 0.29 t 0.23 
IDDS 
Sa 320 * 41 230 * 59 304 266 t 56 224 * 74 231 * 80 
Cu 170 t 56 365 t 615 99 483 947 250 * 246 93 * 226 
Li 103 * 15 58 * 101 86 24 18 74 t 77 13 t 7 Ni 19 * 3 19 * 4 18 15 3 17 * 6 15 * 5 
Sr 400 * 25 380 * 53 382 443 30 429 * 1 435 * 102 
v 24 * 3 24 t 6 30 19 3 19 & 7 16 * 7 
y 10 * 2 10 * 2 12 8 1 8* 1 8t I Zn 243 * 193 86 t 69 106 43 31 43 * 16 29 * 15 
Table 6.34 The compositions of the white crystalline quartzlike material and the 
adhering glass from Coppergate. 
Sample 10621 
White quartz-like Glass from same sample Brill's analysis of 
granular and frothy (light-groon colour) light green glass 
layer adhering to red ceramic 
(BrIll, pors. comm). 
Al, O. 3.7 2.63 3.01 
Fe, O, 1.9 0.95 1.74 
mgo 0.8 0.70 0.99 
cao 3.5 6.47 7.31 
Na, O 9.2 14.9 14.4 
K, O 1.7 2.09 2.34 
U02 0.2 0.13 
Plos 0.2 0.14 - 
MnO 0.1 0.21 0.30 
DDM 
Ba 467 285 
Cu 75 106 
Li 41 101 
Ni 119 18 
Sr 276 396 
v 20 21 
y 11 9 
Zn 80 108 
394 
0 








A403 1.6 20.6 7.7 1.5 
Fe, O, 0.9 5.3 2.4 0.9 
MQ0 2.8 0.8 1.9 2.5 
Cao 22.6 6.5 22.8 22.9 
Na, O 2.8 0.7 2.7 2.5 
1ý0 3.8 5.2 4.4 3.9 
TiOg <0.1 1.0 0.5 <0.1 
P, O, 2.3 P. a 1.9 2.5 
MnO 0.3 <0.1 0.2 0.3 
so, 0.5 0.2 0.5 0.5 





Catalogue of Glass analyzed 
a 
(D 
The following is a list of glass fragments analyzed from Coppergate, Fishergate 
and Worcester. The waste glass from Mancetter and Leicester did not have small find 
numbers, and therefore could not be classified in the same way (although a brief 
description is given in against each analysis (Appendix 6) and total numbers of types of 
waste are indicated in each respective section of this thesis). The glass fragments listed 
below are not catalogued conventionally by vessel type or date, as this is a tentative 
typological classification based upon that by HEM Cool (personal communication). It 
is also only a partial list of all samples from each site, and as such is not necessarily a 
direct representation of the proportions of different types of vessels of different dates or 
colours of glass. Each fragment is listed by small find number to aid cross referencing 
to the analytical data. A catalogue of glass waste analyzed from Coppergate is given in 
Appendix I b. I 
(W) - indicates sample probably obtained through sieving. Many fragments from seiving 
are indicative of glass melting, such as drips, dribbles, folded and tooled lumps. 
SFN is small find number. 
Key to colours: b= blue, bb = bright blue (not cobalt blue), bg = blue-green, br = 
brown, c= colouriess, cb = cobalt blue, dg = dark-green, g= green, lb = light-blue, Ig 
= light-green, og = olive-green, tb = turquoise-blue, y= yellow, yb = yellow-brown, yg 
= yellow green. 
Catalogue of glass analyzed from Coppergate 
Phase 1 
SFN Colour Dimensions Description 
Ixb xth 
(mm) 
9636 Y9 4Ox22x5 Handle fragment with multiple prominent ribs. Probably Isings form 52. 
Globular jug. Flavian and early second century. 
10734 yg 37x27x2 Cylindrical neck fragment. Jug late first/early second century. Neck diameter 
c. 2.4cm. 
10864 C 8x4x3 Chip. 
12021. bg 52x4Ox4 Cast window frag. 
12037 C 15xl3xl Body fragment with abraded lines (possibly second century wheel-cut 
beaker) 
12086 bg 22xI1xI Edge of lower handle attachment of jug. Handle thickness c. 4mm. 
12103 c 40xl8xl Cylindrical body fragment with abraded bands. Prob. late second/early third 
century cylindrical bottle (HaLocton type). 
12135 bg 32x2lx3 Cast window fragment. 
12143 bg 35x25x2 Cast window fragment. 
12220 bg 45x2Ox3 Square bottle body fragment, scratched outer surface. 
12252 C 25xl4xl Bubbly body fragment, abraded bands. Fourth century. 
12253 bg 33x25xl Cylindrical cup rim (Isings 85). rounded rim, thickenss 2 mm, rim diameter 
396 
c. 10 cm. Porished otter surface. 
0 
0 
12302 bg 23x14x3 Cylindrical bottle body fragment. Scratched outer surface. 
12320 bg 12x8x2 Body fragment. 
12369 bg 27x25x3 Square bottle body fragment. 
12392 c 25400 Body fragment 
12393 bg 17x14x2 Body fragment. 
12457 c 3OX3Ox1 Bubbly body fragment, probably fourth century. 
12534 bg 14x1Ox1 Body fragment 
12537 bg 5Ox32x7 Bottle shoulder fragment and handle edge. 
12601 lb 35x25xl Cylindrical bottle body fragment, outer surface scratched. 
12620 bg 38x32x7 Body fragment, very large, probably bottle. 
12641 bg 12xl2x4 Prismatic bottle body fragment. 
12657 bg 19xl2xl Film fragment folded In edge, jar ?? FlIm thickness 5 mm. 
12866 bg 20x17x2 Prismatic body fragment, outer surface scratched. 
12872 Ig 15x14x3 Handle fragment, curved with ribs on one surface. 
13153 bg 45x35x2 Cylindrical bottle fragment. 
13282 bg 42x2Ox2 Base edge concave bass - possibly conical jug Isings 55 - Flavian and first 
half of second century. Base thickness, 2 mm. diameter a 10 cm. 
13287 bg 32x2Ox5 Prismatic bottle fragment. 
13288 c 27x27x3 Body fragment 
13341 bg 25x25x5 Handle fragment, reeded on one surface. 
13351 c 26x15x2 Body fragment. 
13502 bg 38x12x3 Part edge of handle and side of vessel. 
13519 bg 11x1Ox2 Body fragment. 
13547 yg 43x15x3 Melted body fragment. 
13591 bg 47x22x3 Body fragment, possibly base, very scratched. 
13599 yg 55x2Ox2 Tubular rim fragment of bowl, folded out and over - Isings 44/5 mid cl-mid 
second century. Flim thickness 9 mm, rim diameter c. 17cm. 
13604 bg 37x27x4 Pinar molded bowl, first century. Interior polished. 
13695 bg 21x9x1 Body fragment. 
13835 c 22x16x2 Body fragment. 
13869 bg 25x23x3 Prismatic body fragment, scratched outer surface. 
13871 c 18xl2xl Rm fragment. ?? Isings 85 (or hemispherical C3 cup). Bounded rim, 
thickness 2 mm, diameter C. 7 cm. Exterior surface polished. 
13872 bg 33x22x2 Pinar moulded bowl, first century. Interior surface polished. 
13890 yg 20x1Ox1 Body fragment. 
13899 bg 25x2Ox1 Cast window fragment. 
397 
13925 bg 47x22x3 Body fragment. 
13937 bg 17x2Ox4 Prismatic bottle body fragmerd. 
13995 c 18x2Oxl Cylindrical cup rim tag (Isings 85b), Rounded rim, thickness 2 mm, rim 
diameter c. 8 cm, polished outer surface. 
14041 bg 20x1OxI Prismatic bottle body fragmert, bubbly. 
14069 bg 35xI5x2 Cast window fragmert? May be bottla 
14072 bg 374W Prismatic bottle body fragment. Scratched and worn outer surface. 
14097 bg I5x6xI Edge of lower handle attachment jug. 
14103 bg 15x12xI Ribbed body frag (most likely late first/early second cerdury). 
14108 C 3Ox25x2 Body fragmert. 
A!! ýk 
V5914 14114 bg 25x23x3 Prismatic bottle fragmert. 
14144 bg 24xI6x5 Body fragmert (W). 
14308a c 3x4x2 Body fragmerd (W). 
114308b y 6x3xI Body fragmert (W). 
14309a c 5x5xl Body fragmerd (W). 
14309b Ig/c 6x3xI Body fragmerd (W). 
14310a C 3x3xI Body fragmert (W). 
14310b b 4x3xI Body fragment (W). 
14315 g 5x5x2 Body fragmert (W). 
14320 C 5x5xI Body fragment (W). 
14324 b 5x4x2 Body fragmert (W). 
15522 c 7x2xi Body fragment. 
Phase3 
8188 bgAg 22xl5xl Body fragment. 
8207 c 16x12x2 Base fragmert, stemmed beaker or flask, fire rounded edge. We 
second/early third century. Base thickness 3 mm, diameter a8 cm. 
Elongated bubbles. 
8526 bgAg I9xI1xI Body fragment. 
8625 C 16x15xI Body fragmer-d. ?? Fourth cerdury 
9533 Ig 18XI5XII Body fragment. ? Fourth cerdury. 
9573 Ig 17xl7xl Body fragmert, abraded band probably c4. 
9718 Ig/c 22x2Ox2 Body fragmerd. 
9791 9 42x4Ox3 Rim fragment of VERY large beaker (Isings 106). 2 broad wheekut grooves, 
exterior and rim fightly polished. Ukely to be fourth cerdury but very unusual. 
Rim cracked off and abraided, polished exterior. 
9866 bg 42x32x5 Bottle, reeded handle 
9904 Ig 42x4Ox2 Tubular pushed in base ring probably jug. Grozed. Base thickness between 
3-6mm, ring diameter 7 cm. 
398 
10148 yg 21xl7xl Body fragment. V fourth century or ?? firsVsecond century. 
10179 Ig 23x23xl Body frag with geometric line cutting (rice grain honeycomb) Prob beaker 
end of third/early fourth century. see 5489 (phase 4). 
10203 Ig 28x2Ox2 Cast Q) window glass. 
10219 bg 43x22x2 Cast window fragment, round bubbles. 
10249 bg[Ig MAW Prismatic body fragment, scratched outer surface. 
10263 bg 33x3OxI Blown window fragment. 
10315 IgIc IIx8x1 Body fragment. 
10323 bg 28x23x2 Prismatic bottle body fragment, scratched outer surface. 
10506 bg 22x15x3 Prismatic bottle body fragment. elongated bubbles. 
10674 bg 32x3Ox5 Prismatic bottle body fragment. 
10683 bg 4Ox25x4 Cast window fragment. 
10763 bg . 33x2&4 Prismatic bottle body fragment 
10781 C 18x16xI Cylindrical cup rim Csings 85b) Cede c2/3). Rounded rim, rim thickness 2 
mm, elongated bubbbles. Exterior polished. 
10783 Ig 4OX35x3 Rim and neck fragment. Cylindrical bottle with rim folded down and up. and 
then In. Lade second/eady third century. Rim thickness 5 mm, diameter c. 
7cm. 
11172 C 27x22x4 Lower body frag. Facet cut beaker. Isings form 21. Honeycomb/teardrop 
shaped facets. 
11236 bg 27x26x4 Cast window fragment. Some elongated bubbles. 
11316 Ig 24x17x3 Cup/beaker/bowl rim, very thick. ? Beaker, abraded line on outer surface. 
Fourth century, cracked off and abraded rim, exterior polished. 
11377 bg 22xlOx3 Cast window glass. 
11420 c 16xIIxI Body fragment. 
11724 bg 28x18x9 Base fragment, prismatic bottle. Flat with base ring. 
11793 bg 32x2Ox5 Base fragment, prismatic bottle. Evidence of circular base ring. 
11889 bg 28x25x2 Cast window glass. 
11894. c 24xl7x6 Very large chip (odd for Roman?? ) 
11912 yg 15xl3xl Body fragment ??? Fourth century. 
11972 Ig 14x1OxI 
'Cup 
or beaker rim Csings 96/106) Fourth century. Rim thickness 1 mm, 
cracked off and abraided. 
11981 bg 2Ox2Ox2 Cast window glass 
11984 c 20x15x12 chunk 
11993 C IIx5x3 chunk 
12092 Ig/bg 23x1Ox4 Cylindrical neck and Part Of handle attachment Bottle jug. 
12096 C 15x9xI Body fragment. 
12201 c 1Ix8x2 Body fragment. 
12212 bg 52x3Ox4 Cast window fragment. 
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12266 c 15xl2xl Body fragment. 
12287 c 22xl3x2 Body fragment. 
12461 c 17x8x2 Body fragment, 
12582 c 12x17x4 chunk 
12628 Ig/c 23x15x1 Bubbly Fourth century cup or beaker body frag. (Isings 96/106). Evidence 
of possible abraiied lines. 
12717 Ig 15xl3xl Cylindrical neck and rolled In rim of flask/jug. 
12733 bg 25x25x6 bg bottle neck tag. 
12788 Ig/c 20x15x2 1 colourless body fragment 
12868 bg 28x25x2 1 bg kicked base, no pontil mark. Possibly Hafheim cup or globular flask ?? 
12956 bg -53x37x5 Prismatic bottle fragment. 
12998 bg 11x1Ox2 Chip. 
13025 bg 8x6x3 Body fragment. 
13152 yg 27x24xl Body fragment ?? Fourth century. 
13259 bg 22x25x5 Body fragment, melted (prob bottle). 
13443 c 15x7x3 Chunk - 
13493 c 22x2Oxl cis rim tag. cylindrical cup (Isings 85b). We third c2/early c3. 
13535 bg 4Ox25x6 Shoulder fragment. Bottle. 
13562 Ig 23xl6x3 Rim fragment. Conical beaker ? (Isings 106) rim ground wheel cut band. 
Possibly fourth century? Rim thickness 3 mm, diameter c. 12 cm. 
13564 Ig 32x2Ox2 Body fragment with abraded band, c4. Elongated bubbles and scratched 
outer surface. 
13634 c 26x2lxl Cylindrical cup rim (Isings 85b) Oate c2/c3). Rim rounded and folded 
outwards, rim thickness 3 mm, diameter c. 8cm. 
13657 c 52x34x2 Slightly concave base fragment, globular task, cup, jug (most likely later 
seconcl/early third century). Base diameter c. 4 cm. 
13688 Yg 25x2Ox3 Body fragment of jug, retaining handle fragment. Elongated bubbles. 
1137411 Ig M15A Blown window fragmerd with grozed edge. c4. Elongated bubbles. 
13761 Yg MAW Body fragment ?? First/second century. 
13770 Ig/c 18xl4xl Body fragment. Indented truncated conical bowl, o4. 
13805 bg 5Ox3Ox3 2 joining neck fragments, jug or flask. Neck diameter c. 3 cm. 
13827 bg 30x25x3 Prismatic bottle body fragment. Scratched outer surface. 
13907 Ig MAW Body fragment. - 
13952 Ig 3Ox2Ox2 Concave thickened base, pontil mark ?? Small third century cup, probably 
c3 but form not clear. Base thickness 5 mm, diameter c. 2 cm. 
13955 c 23x15x3 Cylindrical cup rim (Isings 85b) Vale c2/3). Rounded rim, rim thickness 6 
mm. diameter c. 10 cm. 
13984 bg 37x2Ox3 Bottle shoulder fragment. 
14040 bg 32x22x2 Crown window glass frag (poss. bowl rim c2/3). Elongated concentric 
400 
bubbles 
14130a yg 5x4x3 body fragment (W) 
14130b c 6x2x2 chunk (W) 
14130c Ig/c 5x3x3 chunk (W) 
14264a yg 5x4x3 body fragment (W). 
14264b C 3x3x4 chunk (W) 
14264c IgIc 4x3xI body fragment (W) 
14264d Ig/c 3x3x3 chunk (W) 
14291 a c 4x4x3 chunk (W) 
14291 b IgIc 5x4x2 body fragment (W) 
14291 c Yg 6x3xl body fragment 
14306a Ig 3x3)0 chunk 
14306b Ig 4x2x2 chunk 
14311 a C 3x3x5 chunk 
14311 b c 4x4x4 chunk 
14321 a c 4x4xI body fragment 
14321 b g 6x2x2 body fragment 
14321 c yg 5x4x1 body fragment 
14331 c 34)(3 chunk 
14339a yg 5x5x2 bodyfragment 
14339b g 6x4x2 body fragment 
14339c Ig 4x4x1 body fragment 
14346a yg 6x5xI body fragment 
14346b c 4x4x2 body fragment 
14346d yg 4x4x3 chunk 
Phase 4 
5495 Ig 35xI6)(2 Geometric cut honeycomb fragment, forming rice grain pattern. See P3 
10179. 
7497 gl 13x12xI Rim fragment. Tubular rimmed bowl with collar (Isings form 44/45). Rim 
thickness 3 mm. 
8101 bg 38x8x4 prismatic bottle body fragment. 
8109 bg 35xl8xl Funnel mouth jar rim, edge rolled in to form tubular rim. Rim thickness 5 
mm, diameter 9 cm. 
8335 bg 52x26x5 pillar moulded bowl rim fragment. Rounded rim, thickness 3 mm. 
8391 bg 22xl5x2 prismatic bottle body fragment. 
8417 bg 2Ox9xI Body fragment. Elongated bubbles. 
8442 C 24xI9xI Cylindrical cup rim Isings 85 possibly traded variant. Ground rim, curved 
401 
outwards. Rim thickness 2 mm, diameter c. 8 cm. 
8516 C 5x5x3 Chip. 
8636 bg 21xIOx2 Body fragment, pillar moulded bowl. 
8674 C I9xI7xI Body fragment. 
8785 bg 22x2Ox2 Body fragment. 
9357 bg 37x25x5 Prismatic bottle body fragment. 
9381 Ig 22xI7x7 Rim fragment, collared jar Isings 67b or c, lade first/early second century. 
Rim thickness 7 mm. 
9426 Ig 20xl5xl Body fragment. 
9466 bg 25x15xI Lower handle attachment for fragment of jug. 
0 
9501 C 22x6x3 Body fragment with parts of 2 circular facets second/third century. 
9707 C 22xl5x2 Shoulder fragment, vertical ribbed jug d. Baybrd Wharf late secondAhird 
century. 
11325 C 115XIOXI Body fragment. 
12879 bg 22x1l3x2 Body fragment. 
12971 IgIc I 7x8x I Body fragment. 
13281 Ig 18x7x2 Heed affected fragment, tubular rim?? 
13716 C 113AW Battle neck fragment. Cylindrical 
13755 bg 21xI6x3 Body fragment. Bottle neck fragment?? 
13778 c 17xllxl Body fragment. 
13857 bg 25x4x3 Hairpin shank. 
13864 C 25xl8xl Body fragmed. 
13992 c 4Ox2Oxl Lower body fragment, 2 wheekut lines, large bowr??? 
14338 g 4x3x2 Chip. 
Catalogue of glass analyzed from Fishergate 
SFN Colour Dimensions Description 
; Ixbx th 
(mm) 
183 bg 33 x 14 x 3-5 Body fragment, possibly Roman blue-green bottle. 
193 bg 20 x 10 x3 Rim fragment., Rim fragment from narrow necked vessel with lip, probably 
open lipped task. Rim folded outwards and smoothed flat horizontally to 
form lip. 
Rim thickness 3mm, estimated diameter 20 mrm 
507 cb 18 x 13 x5 Rim fragment. Cast, rounded rim of plate. 
531 C 19 x 22 xI Rim fragment, cut and ground. Rim thickness I mm. Heat affected. 
1111 ' bg 12 x 18 x3 Flat undiagnostic fragment. Both surfaces exhibiting evidence of pitting. 
1129 c 28 x 13 x2 Body fragment, Flat sides of bottle. 
402' 
1145 bg 17x11 x2 Undiagnostic body fragment. 
1148 bg 11 x8x1 Rim fragment. Folded cavity rim, slightly outsplayed. Rim thickness 3mm. 
Estimated diameter 60 mm. 
1164 C 30 x 23 x 14 Waste. Rounded lump, head affected. Broken on two sides, evidence for 
possible working. Some Iridescence. 
1573 c 24 x 18 x 14 Base fragment. Most of lower body and base of stemmed and footed, 
snake-thread beaker. Dulled outer surface, short cylindrical solid stem, top 
convex. Body, pedestal and foot made in three parts. Rounded rim edge. 
Pontil scar on underside of foot. Base thickness 3mm at edge. Estimated 
foot diameter 25 mm. 
2709 bg 14 x 15 x3 Neck fragment. Cylindrical neck fragment of bottlelflask. Slight carination at 
top. Estimated diameter of neck 15 mm. 
3016 c 29 x 19 x5 Body fragment. Wheel-ground, facet cut beaker. Large, shallow oval facets, , 
approximate Wght 15 mm, widely spaced across surface. One facet 
evidenced only. 
3237 bg 18 x 14 x4 Undiagnostic body fragmerd. Heat frosted and cracked. 
3381 Ig 22 x 24 x3 Undiagnostic body fragment. 
3389 9 40 x 28 x2 Rim fragment. Cut and ground rim, slightly outsplayed and in-bent. (Conical 
beaker, Isings 96/106? ). Polished and heavily worn outer surface. 
Decoration consists da small, circular blob of opaque blue glass, of 
approximately 4 mm diameter, applied to the surface. Rim thickness 1 mm. 
Estimated diameter 60 mm. 
3528 c 18 x 14 xI Rim fragment. Cut and ground rim, now badly chipped. Rim thickness 1 
mm. Estimated rim diameter 25 mm. 
3619 C 20 x 2D x 10 Waste. Large bubbly head affected lump. 
4196 bg 21 x2Ox2 Body fragment. Lower body fragment of bowl. Decorated with horizontal 
applied trails, one remaining, one lost. 
4207 bg 21 xl3x2 Undiagnostic body fragment. 
4313 bg 14 x 18 xI Undiagnostic body fragment. 
4329 bg 29 x 25'x 3 Body fragment. Possibly prismatic bottle shoulder fragment. 
4334 bg 39 x 34 x 1-4 Base fragment. Two joining piece& Palm cup/funnel beaker with mould 
blown vertical ribbing and bubble decoration. 
4345 C 31 x36x3 Cast window fragment. LateSaxon. Some evidence of grozing on one side. 
4364 bg 20x 13x2 Baselfoot fragment. Two joining pieces. Head distorted. 
4384 bg 17xl2xl Rim fragment. Cavity rim, folded out, round and inwards. Rim thickness 5 
mm. Estimated rim diameter 50 mm. 
4419 bg 25 x 16 x2 Body fragment, exhibiting opaque white combed and fanned marvering. 
Bubbly, head frosted and distorted. 
4480 lb 19 X 18 xI Body fragment. Decorated with horizontal opaque, yellow marvered trails. 
Small bubbles evident In matrk 
4609 bg 26 x 15 x. 7 Waste Large head affected lump, pitted, possibly water rounded. Broken at 
one end. 
4681 bg 15 x 10 x6 Waste fragment. Pitted. heed affected lump. 
4780 bg 20 x 15 x7 Rim fragment. Jug/bottle form of lade I st to 2nd century. Rim out-turned and 
folded In. smoothed to form horizontal lip. Fragment also showing evidence 
of handle attachment Rim thickness 7 mm. Estimated diameter 25 mm. 
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4813 db 15x 15x I Body fragment. Applied horizontal ribs with a thin Oess than 1 mm thick) 
horizontal red trail In medrbL Bubbly madrbL 
4870 bg 23 x 13 xI Rim fragment. Rim turned in and then folded out and rounded to form 
shoulder. Possible bowl. Rim thickness (maximum) 4 mm. Estimated 
diameter 70 mm. 
4894 bg 23 x 12 x2 Rim fragment. Jar. Rim folded out and then in and rounded, no cavity 
evident. Heed distorted. Rim thickness 4 mm. Estimated diameter 45 mm. 
4937 bg 13 x 16 x2 Undiagnostic body fragment. Heed affected. 
5017 bg 35 x 20 x2 Body fragment. Decorated with opaque white combed marvering in fan 
array. Bowl. 
5033 bg 35 x 18 x2 Body fragment. First century cylindrical bottle. 
5042 bg 32 x 20 x5 Cast window fragment. Flame rounded at one edge. 
5073 bg 24 x 18 x 2' Window fragment. Geometric. Evidence of fine grazing at one edge. 
5076 bg 19 x 16 xI Body fragment. Flattened applied trail, forming rib. Bubbly medrbL 
5221 Ig 23 x 22 xI Bodytagment. Decoreded with vertical opaque yellow badly marvered trails. 
3 Interwound and 1 separate. 
5300 bg 31 x 13 x6 Cast Window fragment. Some Iridescence. 
5429 bg 28 x 23 x3 Undiagnostic body fragment. 
5466 bg 20 x 119x 5 Body fragment. Prismatic battle. Some iridescence. 
5488 g 37 x 15 x2 Rim fragment. Rim folded outwards and then in-turned to form rounded rim. 
Rim slightly outsplayed. Rim thickness 5 mm. Estimated rim diameter 55 
mm. Funnel beaker. 
5517 bg 25 x 15 x4 Cast window fragment. Heavily worn on smooth surface, rounded on one 
edge. Some Iridescence. 
5619 bg 22 x 10 x3 Undiagnostic body fragment. Some Iridescence. 
5677 dg 14 x 10 xI Rim fragment. Rim rolled out and turned in, to form rounded rim. Slightly 
outsplayed. Rim thickness 3 mm. Estimated diameter 60 mm. 
5694 bg 19 x 16 x2 Body fragment, Mould blown. 
5734 bg 19 x 15 x3 Cast window fragment. Grazed on two edges. Heat affected. 
5748 Ig 16 x. 12 xI Bodyfragment. Polished outer surface. Evidenced former trailing, now lost. 
5803 c/tb 22xl3x2 Rim tagment. Rounded rim and slightly In-turned. Rim thickness 2 mm. 
Estimated diameter 65 mm. Blue rim on coloudess body. Ninth century. 
Funnel beaker type. 
5882 Ig 25 x 28 x2 Base fragment. Open pushed base ring of Jar. Base ring slopes Inwards 
deeply to form exaggerated base ring. Ping very worn. Estimated ring 
diameter 25 mm. 
5972 bg 19 x 13 x3 Base fragment. Base ring and shoulder, tubular rim folded out and in with 
high cut base ring of jug. Rim thickness 5 mm. Estimated diameter 60 mm. 
5984 lb 15 x 13 xI Rim fragment. Narrow cavity rim, outfolded and slightly outsplayed. Rim 
thickness 3 mm. Estimated rim diameter 45 mm. 
5985 lb 18 x. 12 x2 Rim fragment. Rounded rim, polished on both surfaces. Some Iridescence. 
Rim thickness 2 mm. Estimated rim diameter 50 mm. Funnel beaker. 
6011 Ig 20 x 19 xI Rim fragment. Rounded rim, slightly in-turned. Rim thickness 2 mm. 
Estimated diameter 45 mm. Funnel beaker. 
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6202 bg 17xS x2 
6470 ybr 42x 24 x1 
6526 bg 16x 14 x3 
6671 bg 22 x9x5 
6728 bg 17x 15 x2 
7145 bg 20 x 14 x 2, 
7237 lb 33 x 30 x3 
7359a bg 17 x 13 x1 
7555 Ig 27 x 18 x1 
8052 c 30 x 11 x2 
8081 bg 29 x 13 x8 
8318 lb 20x 17x4 
8440 IgIc 17x 14 x2 
8955 bg 18 x7 x2 
9177 Ig/c 33 x 22 X8 
9178 bg 15x 16x3 
9180 bg 19 x 19 x2 
9191 bg 18x 12x9 
Rim fragment. Cavity rim, folded out and then inwards. Rim thickness 4mm. 
Estimated rim diameter 50 mm. 
Body fragment. Decorated with horizontal applied clear reticella trail 
containing alternate thick opaque white and thin opaque white trails. Trail 
flattened and sunk Into body, forming Interlacing W pattern. Pattern width 
approximately 7 mm (bowl). 
Rim fragment. Rounded rim. Rim thickness 4 mm. Estimated rim diameter 
40 mm. Evidence of possible applied horizontal trail approximately 3 mm 
from the edge of the rim. Heed distorted. Tall beaker type. 
Body fragment. Heavily worn on both surfaces. Some Iridescence. 
Prismelic bottle. 
Bodyfragment. Decorated with three narrow horizontal applied trails, ranging 
from 4 to 5 mm apart 
Undiagnostic body fragment. 
Undiagnostic body fragment. Heat affected. Re-used window glass. 
Undiagnostic body fragment. 
Rim fragment. Rounded and slightly thickened rim. Rim thickness 2 mm. 
Estimated rim diameter 60 mm. Funnel beaker. 
Base fragment. Tubular base ring and base fragment. Base ring thickness 
5 mm. Estimated ring diameter 25 mm. 
Bass fragment. Tubular pushed-in base ring showing cavity, causing convex 
Indentation on inside of vessel. Heavily weathered. 2nd-3rd Century. 
Rim fragment. Cavity rim folded to form shoulder on outer surface. Rim 
thickness 6 mm. Estimated rim diameter 75 mrn. Decorated with Ine 
horizontal opaque white marvered trails In glass matrix. Ten trails evident. 
Rim formed after trails applied, therefore trails evident on inside of cavity. 
Probably bowl form. 
Window fragment. Evidence of grozing on two edges. 
Body fragment. Thickened In places forming 'ribs'. Very bubbly. 
Base fragment. Flattened, slightly concave base of jar. Glass shows 
evidenced cavity in middle of base. Outer surface badly worn. Base 
thickness 8 mrn. Estimated bass diameter 20 mrn. 
Rim fragment. Rim folded outwards and thickened to form collar. collar 
depth 9 mrn, collar thickness I mm. Rim thickness 5 mm. Estimated rim 
diameter 25 mm. (Jarl). 
Body fragment. MoLdd blown. 
Rm fragment. Folded rim, heat affected and distorted. Battle or jug. 
Catalogue of glass waste analyzed from Worcester. 
(analysis number is given with context, after colour in Appendix 6). 
Analy- Conted 
sis no. 
1 3899 20609 <>9054 
2 3899 20609 <>9054 
Colour Dimensions 
1xbx th (mm); weigN 
bg 10 x7x7 mm; 0.56 g. 
c5x5x3 mm, 0.32 g. 
Description 
Folded lump. 
Drip, dark streak through 
fabric. 
405 
3 3899 20608 9053 bg 18 x4x3 mm, 1.25 g. Thick trail 
4 389920580 bg 70 x 45 x 45 mm. 134.24 g. Large fused lump of blue- 
green glass. Probably 
water cooled?, irregular 
broken surfaces. One 
side showing evidence of 
blackening - in contact 
with some other fabric? or 
severe heat? 
5 3899 20535 <>9051 bg 35 x 20 x8 mm; 8.52 g. Irregular shaped water- 
rounded lumps. 
6 3899 16692 <>5610 bg 17 xIIx2 mm; 1.93 g. Folded cavity rim, 
outfolded and flattened. 
Rim thickness 7 mm. 
7 3899 16692 <>5621 bg 18 x 14 x5 mm; Z05 g. Crazed lad fragment. 
I (from dark earth) 
8 389920535 bg 15 x 10 x4 mm, 1.40 g. Body fragment. 
9 389920535 bg 15 x 12 x8 mm: 2.47 g. Water-rounded lump, I 
edge broken. 
10 3899 20535 bg 14 x 14 x4 mm; 1.37 g. Heat affected lump 
covered with black 
carbon-like deposit 
11 -389920535 bg 10 x7x3 mm, 0.25 g. 
Chip. 
12 3899 20535 <>9051 bg 15 x8x 3mm; 0.56 g. Heed affected lumps. 
13 3899 20535 <>9051 bg 43 x 32 x8 mm, 14.35 g. Fragment of red pottery 
with blue-green glass 
attached. Average glass 
thickness I mm. Uneven 
glaze with drips. 
14.15 389920535 bg Size range 2 thick trails 
24 x5x5,17 x3x2 MI. 
Total weight 1.25 g. 
15 389920535 Y9 15 x6x5 mm; 1.05 9. Drip. 




389917328 bg 23 x 15 x 10 mm; 4.33 9. Head fractured lump. 
Is 3899 20609 <>9054 bg 7x8xI mm; 0.14 9. Roundel. 
19 3899 20609 <>9054 C 8x8x5 mm; 0.88 g. Rounded lump. 
20 3899 20608 <>9053 bg 15 x 10 x8 mm; 1.47 g. Drip, with dimple. 
21 3899 20608 <>9053 bg 12xlOx2mm; 0.51g. Roundel. 
22 3899 20609 <>9074 bg 20 x3x2 mm. 0.1 g. Trail. 
23 3899 20609 <>9074 bg 8x8x7; 0.60 g. Pinched, water-rounded 
lump. 




Catalogue of Glass Production Waste from Coppergate 
The following catalogue is a list of the debris from Coppergate, York, which may 
be indicative of glass production. Contexts and small find (Sfn) numbers are given. P 
refers to the period (where known), and the measurements (in mm) list length x width x 
thickness. 
Class indicates the type of debris found (see Section 4.4.1.4): a= furnace debris (Class 
1); b= glass and quartz (Class 2); c= glassmelting pots (Class 3); d= 
glass/quartz/ceramic waste (Class 4); e= melted glass waste (Class 5); f= vitrified waste 
(Class 6). 
Fabric colour (fab col), is the ceramic colour, where present: r= red; b= buff; k 
black; g= grey. 
Glass colour (gl col) is the colour of any glass or glass waste present: g= gre0y; bg 
= blue-green; y= yellow; cb = cobalt blue; db = dark blue; c= colourless; bk = black. 
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Context Sfn ft Class P leasurements 
27819 1062lai 3.06 b 3 117 xa 
27819 10621b 3.99 f 3 30 x 12 x 10 
27819 10637 0.87 e 3 25 x 15 X1 
27819 10643 12.52 f 3 24 x 20 X 14 
27428 10667 30.76 c 5a. 64 1 28 x 13 
27371 10668 12.65 c 3 60 X 25 x8 
27446 10669 14.59 c 4a 53 x 30 x6 
27371 10671 14.58 c 3 40 x 40 x5 
27819 10749 1.52 c 3 12 1 12 x 10 
31086 10760 11.48 c 45 1 28 x8 
30186 10762 32.54 c 40 x 40 x 12 
27621 10766 3.21 e 4a -, - 20 X 16 x 14 
25990 10771 22.50 c 3 40 x 40 x 10 
27819 10776* 3.86 c 3 17 x 12 x8 
25990 10784 1.66 b 3 20 1 10 x 10 
30186 10802 2.26 c 3 20 x 15 x8 
-P6 L 27819 10803 0.22 b 3 10 x8X7 
25990 10812 7.94 c 3 40 x 22 x8 
30186 10815 4.79 c 3 25 1 25 x8 
31005 10820 4.84 c 4a 25 x 20 x5 
27621 10852 3.25 c 4a 25 x 20 x8 
27819 10863 3.22 f 3 17 x 13 x 12 
27200 10904* 9.55 c 3 40 x 20 x 12 
31060 10908 3.77 c 3 30 x 20 x5 
31060 10910 1.16 c 3 20 x 15 x2 
31060 10919 7.87 c 3 40 x 20 x7 
31060 10920* 1.31 c 3 20 x 10 x 10 
31060 10922 47.40 c 3 80 x 25 x 10 
31060 10923 0.62 c3 14 x 12 x3 
Fab GI. 
Col col Description 
q Natural coloured glass with white vitreous concretions (quartz) on both sides. 
g Green glassy mtrix interspersed with dark vitrified waste. 
g Dark green glass, melted fragment. 
bk Black glass fragment, fused glass and vitrified waste matrix. 
r Rim fragment, red fabric, brown and dark vitrified concretions covering both surfaces. 
r g Rim fragment, red fabric, thin natural coloured glaze on inner surface. Outer rim diam c. 22M. 
b g -. Body sherd, buf f fabric , Red slip on outer surf ace. Thin natural coloured glaze on 
imer surface , white vitreous concretion 
in glaze. 
r g Body sherd, red fabric, natural coloured glaze adhering to me surface. 
b g Colourless/It green glass with white vitreous concretions on me face and buff ceramic on other side. 
b g Body sherd, buff fabric, thin natural coloured glaze adhering to inner surface. - 
r g Body sherd, red fabric, thick green glassy layer overlain by white vitreous concretion. 
bg Blue green melted lump. - 
r g Body sherd, red fabric, thin natural coloured glaze adhering to inner surface, and saw on outer surface overlain by white vitreous and red 
pottery-like concretions. 
r g Natural coloured glass fragment, red ceramic adhering to me side, white vitreous concretions adhering to other side. 
g Light green glass with white vitreous quartz inclusions. 
r g Body sherd, red/buff fabric, thin natural colmu'td glaze adhering to both surfaces. 
g Natural coloured glass (g), - with white quartz vitreous concretions on one surface. 
r g Body sherd, red fabric, thin natural coloured glaze adhering to both surfaces. 
r g Body sherd, red fabric, natural coloured glass on ore surface overlain by white bubbly vitreous concretions. 
r g Body sherd, red/buff fabric, natural coloured glaze adhering to inner surface. 
r g Body sherd, red fabric, natural coloured glaze adhering to me surface. 
g Dark green glassy matrix interspersed with vitrified waste. 
b g Body sherd, buff fabric, thin natural coloured glaze adhering to me surface, thick glass (lq/colourless) adhering to other with white 
concretions. 
r g Body sherd, red/buff fabric, thin glaze on part of outer surface, and all of inner surface. 
r g Body sherd, red fabric, thin natural coloured glaze adhering to one surface. 
r g Rim sherd, red fabric, thin natural coloured glaze adhering to inner surface. 
r g Lt green glass with red ceramic adhering to one surface. 
r g Rim sherd, red fabric, black slipped?. , thick glassy deposits with white vitreous concretims adhering 
in patches to rim interior. Rim diam, 
outer c. 28cm, inner c. 22cm 
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Appendix 2 
Calibration for Soda 
After initially running a suite of archaeological soda-lime-silicate glasses 
on the ICPS it was found the values for Na20 seemed unrealistically high by a factor of 
almost 2 compared to known analyses for glass of this period (Sanderson et aL 1984). 
The soda-lime-silicate glasses analyzed 
, 
in this study have an elemental 
concentration for most of these elements within the linear range of the KC1 I and KCI 3 
calibration lines. However the levels of soda in such glasses can rise up to 25% (Wto/o); 
a factor of approximately 7X the highest level expected in these rock reference standards. 
It was known that the spectrometer at Egharn had a quadratic equation 
fitted to the soda curve "when it was initially calibrated. This was 
Concentration (0/6) =_ 0.20432E-0812 +0.91717E-41 -0.1516E-1 (eq. A2.1) 
This uses the relationship of concentration (C) to measured intensity (1) as 
C= ai2 1 +bI+c. 
The high soda values obtained In the initial analysis did not fit the curve 
quoted in equation A2.1. Therefore a second run was attempted, firstly using a set of 
glass standards (76-C-148,76-C-150,76-C-151 and 77-C-33), in-house rock standards 
(KCIO-13), sodium nitrate solutions at 0-25% (w/v), and a mixture of the above. 
These standards were also prepared at 1: 10 dilution to bring the elemental 
concentrations into the range of the KC calibration standards (ie. below 3.3% soda). It 
is standard practice to dilute samples of high concentration to prevent self absorption at 
higher concentrations although sensitivity is lost (Boumans 1977,13). 
When the standards were run at full strength a high magnitude of discrepancy 
occurred as previously, where samples appeared almost double their quoted value. This 
can be seen In figureA2.1which plots soda intensity versus concentration. For the diluted 
solutions the discrepancies were much less, but the error here appeared that the results 
were 20% lower than expected. Therefore dilutions of 110 could not be used routinely 
for subsequent runs. 
Curve A gives the known soda concentrations in the standard solutions as a function of 
observed intensity. The curve is almost linear with the individual data points a 
close fit to the computed curve irrespective of the nature of the sample (le. single 
elements solutions, glass matrices or rock matrices) (Eq. A2.2). 
Curve B shows the curve calculated in the KO calibration for soda, incorporated into the 
program (Eq. A2.3). 
Curve C is the curve of soda concentration read out by the computer as a function of 
measured intensity. For example, at a measured intensity of 100,000 for a known 
soda concentration of 25% the measured soda concentration was 55% (Eq. A2.4). 
The parameters of fit for these three curves are as follows: 
Curve AC=5.02E-1 012 + 1.89E-041 - 1.77E-02. (Eq. A2.2) 
Curve BC=0.20432E-0812 + 0.91717E-041 - 0.1516E-. (Eq. A2.3) 
Curve CC=4.18E-0912 + 1.38E-041 - 1.79E-01. (Eq. A2.4) 
423 
Curves A and C were calculated using solutions at full strength. 
There are a few points to consider: 
Curve A is almost linear up to about 25% (w/w) which is well above the maximum 
that would be expected for soda-lime-silica glasses analyzed in this study. 
2. Curve B- the quoted calibration - crosses Curve A (our calibration) at about 15% 
which would show that no extra calibration curve would be necessary. 
3. Curve C is the machine calibration on the specified days run. This lies below the 
curves A and B especially at higher values where the discrepancy is about a factor 
of 2. 
It appears that there is a consistent difference between curves B and C (the 
quoted concentration and the machine calculated concentration) and so a scaling factor 
was Produced by fitting a quadratic to the difference between the concentrations on the 
two curves. This discrepancy between the two curves can be accounted for if the 
observed (quoted) intensifies were increased by a factor of 1.42 before the calculation 
Was output. It is possible that this could arise by decreasing the gain on the soda 
channel from that adjusted at the time of the original calibration. The noise on the 
background is proportional to peak height, therefore any changes in the gain on the 
spectrometer will affect the minimum detectable limits (Greenfield 1981,7). If the intensity 
had not been scaled during daily calibration against KC standards then this type of 
discrepancy could occur and would not be picked up by the low soda values on the KC 
standards. A second way this discrepancy could arise is 9 the slit on the photomultiplier 
or the gain had been altered since the time of the initial calibration for which the equation 
Curve B had been derived. 
As the output from the ICPS Is presented as concentration values it was decided 
to establish a new calibration based on concentration values rather than intensity values 
after each run, Each new quadratic was calculated with a program based on one from 
Hewlett Packard (BASIC program POLFIT A309-36023A, Program A2.1) and incorporated 
into a programme which automatically corrects the elements for machine drift (Program 
A2.2 written in BBC basic), 
Standard sodium nitrate samples were used on subsequent runs as cross-checks 
against actual concentration, along with glass standards (Table A2.1). 
follows: 
The equations calculated and fitted to the data for each run for soda are as 
Run 1 y=7.82E-3. e + 8.64E-lx + 0.601. (Eq. A2.5) 
Run 2 y=1.75x - 1.74. (Eq. A2.6) 
Run 3 y= -1.83E-3X2 + 5.069x + 1.79489. (Eq. A2.7) 
Run 4 y= -1.96E-3x2 + 0.67lx + 0.7812. (Eq. A2.8) 
Run 5 y= -0.39E-3x2 + 0.9517x + 0.1128. (Eq. A2.9) 
Run 6 y=7.82E-3x2 + 8.64E-lx + 0.601. (Eq. A2.1 0) 
Run 7 No correction equation necessary. 
y= calculated value of soda against calibration standards 
x= computed value of soda from calibration standards from ICPS system at Egham. 
No other significant calibration problems were observed during analysis of glass 














Figure A2.1 Calibration for soda. 
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Concentration 
Table A2.1 Table of concentration of elements from glass standards used to 
check the calibration of KC1 1. 
76-C-144 76-C-150 76-C-151 77-0-33 
A1203 3.90 4.30 3.90 4.10 
Fe. O. 2.10 0.30 0.30 2.50 
mg6 0.04 6.60 3.20 0.05 
cao 20.6 21.9 19.0 22.6 
Na, O 0.10 9.50 5.00 21.7 
Kf 29.5 1.50 7.20 0 
o T 0.10 0 0.20 0.10 











Pbo 0 0 0.71 0 
J2P-0 C 
Ba 0.20 0 0 0.20 
Co 0 0.09 0 0 
Cr n. d. n. d. n. d. n. d. Cu 0 0 0.10 0 
Li n. d. n. d. n. d. n. d. Mo n. d. ii. d. n. d. n. d. Nb n. d. n. d. n. d. n. d. Ni 0 0 0 0 
So n. d. n. d. n. d. n. d. 
Sr 0 0 0 0 
v n. d. n. d. n. d. n. d. y n. d. n. d. n. d. n. d. Zn 0 0.10 0 0 
Zr 0 0.20 0 0 
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Program A2.1 Program for Polynomial curve fit - used for calibration of Soda. 
1@%=&20208 
2REM LEAST SQUARES POLYNOMIAL FIT C/F 
3READ M. N 
40IM Aý15ý N15ý SJ15ý GJ15ý Uý15ý 





IOIF N>12 THEN 158 
11IF M<N THEN 160 




16FOR I-I TO M 







24PRINT 'LEAST SQUARES POLYNOMIALS' 
25PRINT 
26PRINT * NUMBER OF POINTS = ": M 
27PRINT , MEAN VALUE OF X- OWN 
28PRINT , MEAN VALUE OF Y-O: T7/M 
29PRINT , STD ERROR OF Y-*: SQR(Tg) 
30PRINT 
31PRINT NOTE: CODE FOR 'WHAT NEXTV IS: 6 
32PRINT 
33PRINT 0- STOP PROGRAM 
34PRINT Ia COEFFICIENTS ONLY 
35PRINT 2= ENTIRE SUMMARY 0 
36PRINT 3a FIT NEXT HIGHER DEGREE 
37PRINT 
38PRINT 
39FOR I=l TO M 
40PJIý=Z 
410 1 -0 
42NEXT I 
43FOR I-I TO 11 
44A I 
45B 






541F N=O THEN 56 
551=N4 
56w-z 




611 -N4 >= 0 THEN 81 621F I. M>=O THEN 81 
63EI-Z 





















85FOR J-1 TO N 
86SI-Z 
87FOR L-1 TO N 
881F L-1 THEN 93 

















105FOR L=l TO M 
106C(L)=Z 
107J=N 













121PRINT " POLYFIT OF DEGREE ': N-1: 




126IF R=O THEN 166 
1271F R=3 THEN 152 
128PRINT TERM*. ' COEFFICIENT' 
129PRINT 
130FOR J=l TO N12=J-1 
l3lI2=J. l 
132PRINT 12. U(J) 
133NEXT J 
1341F R=l THEN 149 
135PRINT 
136PRINT *X-ACTUAL*. "Y-ACTUAL*. *Y-CALC*. 'DIFF*. *PCT-DIFF' 
137PRINT 
138FOR L=l TO M 
1390ýY -C(L) 140IF C =0 THEN P$='INFINITE' ELSE P$=STR$(100*08/C(L)) 
141IF 100 Q8/C(L)<O. ol THEN P$=, 0, 
142PRINT X(L). Y(L). C(L). 08. P$ 
145NEXT L 
146PRINT 
147PRINT STANDARD ERROR OF ESTIMATE FOR Y ': SQR(T5) 





153IF M<N THEN 160 
154GOTO 81 
155PRINT 
156PRINT 'PROGRAM SIZE LIMIT IS 100 DATA POINTS' 
157GOTO 166 
158PRINT 'ELEVENTH DEGREE IS THE LIMIT' 
159GOTO 166 
160PRINT 
161PRINT *TOO FEW POINTS FOR FITTING DEGREE ': N-1 
162GOTO 166 




900DATA 20 2 
901DATA 1, ý, 3,4,5,6,7,8,9,10 
999END 
428 
Program A2.2 Program to correct for drift (adapted from a program developed by M 
Heyworth). 
PROGRAM CORRECT 
C TO CORRECT RAW ICP DATA USING KC11 SUBSTANDARD 
REAL ICP F 
C WILL COPE WIfH 31 ELEMENTS FOR 300 SAMPLES 
DIMENSION ICP 32 300), F(32) 
C SET DATA FILE TO 
4E 6SED 
OPEN (2 FILE='ICP11) 
REWIND ý 
C SET J LOOP TO NUMBER OF SAMPLES 
DO 70 Jul 155 
C SET I LOOý TO'NUMBER OF ELEMENTS 
READ(UNIT=2 FUT; 71, END=90)IICP(I, J), I=1,32) 
C SET FORMAT TO bkA LOCK FORMAT 
71 FORMAT(F5.2, IX F5 2 IX F4 2,2X F4 2 IX F5 2 IX 
F4.2,1X, F4.2, IX, ý412, IX, ý4.2 IX 6'0 IX ý280 IX, 
F3.0 1X F4.0, lX, F3.0,2X, F2.0: lX: F2.0: IX: F3 O: lX, 
F2.0: IX: F3.0', lX F3.0 1X F2.0, IX, F3.0, lX F3: 0 IX 





C SET ICP ARRAY TO NUMBER OF ELEMENTS USED 





C SET CORRECTION FACTOR FOR EACH ELEMENT USING KC11 FIGURES 
93 F0 z/ CP l'i + CP 1, N) /2)/16.5 
F(2 =I/ ICP 2, J + CP 2, N /2)/8.71 
F3 all ICP 3, J + CP 3, Ný /2 /3.99 
F4 all ICP 4, J + CP 4, N /2 /6.86 
F5 =I/ ICP 5, J + CP 5, N /2 /3.30 
F6 =I/ ICP 6, J + CP 6, N /2 /2.15 
F'71zl/ 
I 
CP'7, Jj+ CP 7, N1 /21/1.10 
F8 ul/ý CP IJ + CP 8, N /2 /0.32 F9 =I/ ICP 9J+ CP 9N 1/ /0 14 
=1 10 io JI+I; Plll: Ni /21/461) 
F 11 =I/ ICP 11IJ +ICP 1 NJ /2 /27 
F 12 cl/ ICP 12, J +ICP 12, N /2 /111 
F 13 =I/ ICP 13 J +ICP 13 N /2 /108 
F 14 all ICP 14 J +ICP 14'N /2 /380 
F 15 -1 
1: 
ý11 
16 - CP 16, J + CP 16, N /2 112) 
F 17 =I/ ICP 17, J + CP 17, N /2 1280) 
F 18 =I/ ICP 18, J + CP 18, N /2 /24) 
F 19 zl/ ICP 19, J + CP 19, N 121/370) 
F 20 -1/ ICP 20, J + CP 20, N /2 /210) 
F 21 =1/ ICP 21, J + CP 21, N /2 /28) 
22 =/ CP 22, J + CP 22, N /2 /119) 
F 23 =I/ ICP 23, J + CP 23, N /2 /145) 
F 24 =I/ ICP 24, J + CP 24, N /2 /24) 
F 25 =I/ ICP 25, J +ICP 25, N - /2 /50) 
F 26 =I/ Icp 26 J +ICP 26, N /2 /26.5) 
F 27 =1/ ICP 27 1 +ICp 27, N /2 /5.2) 
28 =1/ ICP 28, J +ICP 28, N /2 /1 , 4ý) 29j=l/ ICP 29 J +ICP 29, N /2 /4.4 
3) l/1MCP130: J1+ICP13O, Nj /2'1/2.2) 
F 3? 
:1 
16 K=N+I, J-1 C SET I LO TO NUMBER OF ELEMENTS 
Do 12, I=1,31 
LzI 
ICPjI KjwICP(IjK)*F(L) 
12 CON IhU 
C SODA CALIBRATION BUILT IN 
ICP15hKI=ICP(5, K)*0.506904+1.79489-((ICP(5, K)*ICP(5, K))*0.00183) 
10 CON IU 
C SET QUERY TO NUMBER OF SAMPLES 
IF J. LT. 155) THEN 
GSTO 91 
END IF 
C SET FILE NAME FOR CORRECTED DATA 
OPEN ý6 FILEz'DATACý) 
C SET JL hR NUMBER 0 SAMPLES 
DO 40 Jul 155 
C SET I LO FOA NUMBER OF ELEMENTS 
WRITEj%O)(ICP(I, Iml 32) 
C SET FORMA OR OUTPUT 
AfA 
BLOCK 
50 FORMATIF5.2, lX F5 2 1X F4 2 2X F4 2 IX F5.2, IX, 
* F4.2, X, F4.2, ]X ý4'2 iX ý4'2 1X, A'O, f3. O, 
* F4.0, F5.0, F4 0,6.6,6.6, F4.6, 
* F3.0, F4.0, F4: 0 F3.0, F4.0, F4.0, 
* F3.0, F3.0, F3 0 F4 1 F3 I 1XIF4.1, IX, 
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Appendix 4 
Linear dynarnic ranges 
Figures A4: 1 to A4: 32 show the linear dynamic ranges for the oxides and elements 
used in this thesis as follows. 
A4: 1 A'203 
A4: 2 Fe203 
A4: 3 mg0 
A4: 4 Ca0 
A4: 5 Na20 
A4: 6 K20 
A4: 7 7'C)2 
A4: 8 P2or, 
A4: 9 MnO 
A4: 10 Ba 
A4: 11 Co 
A4: 12 Cr 
A4: 13 Cu 
A4: 14 U 
A4: 15 Mo 
A4: 16 Nb 
A4,17 Ni 
A4: 18 Sc 
A4: 19 Sr 
A4: 20 V 
A4: 21 y 
A4: 22 Zn 
A4: 23 Zr 
A4: 24 La 
A4: 25 Ce 
A4*26 Nd 
A4: 27 Sm 
A4: 28 Eu 
A4: 29 Dy 
A4: 30 Yb 
A4: 31 Pb 

















































Concentrotion (a) Concentrotion (59) 
Concentrotion (s) Concentrction (59) 
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A brief description of the different clustering methods 
available using SPSS/PC 
Clustering methods differ in how they estimate distances between clusters at 
successive steps. 
The simplest is the single linkage method, where the first two cases combined are 
those with the greatest similarity, and at every subsequent step the distance between two 
clusters is taken to be the distance between the two closest steps. The complete linkage 
method is where the distance between two clusters is calculated as the distance between 
the two furthest points. 
The average linkage between groups method defines the distance between two 
clusters as the average of the distances between all pairs of cases in which one member 
of the pair is from each of the clusters, therefore it uses information about all pairs of 
distances, not just the nearest or furthest. The average linkage within grOuAS method 
combines clusters so that the average distance between all cases in the cluster is as small 
as possible. The centroid method calculates the distance between two clusters as the 
distance between their means for all of the variables, and in the median method the two 
clusters being combined are weighted equally, which allows small groups to have equal 
00 
effect on the characterization of larger clusters into which they are merged. Finally in 
Ward's method for each cluster the means for all the variables are calculated. At each 
step, the two clusters that merge are those that result in the smallest increase in the 
overall sum of the squared within-cluster distances. 
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A comparison of the different dendrograms producmd using 7 blerarchic&l imetbods, generated using 
Cluster analysis with SVSS/PC (n-75) 
Key to Label$ DO - blu*-qroani LG/C - light-gr*en-colourlessl C- colourlesal YBR - yellow-brown. 
Dendr*gram using Average Linkage (Within Group) 
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0 10 is 20 25 +iiii 
Den4rogram using Sinqle Linkage 
ReSC&l*d Distance Cluster Combine 
cAs905 10 15 20 25 
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0 10 is 20 25 
Dendrogram using Centroid Method 
Re&C&led Distance Cluster Cosbine 
(ýbj 
CASE05 10 
15 20 25 
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Dendrogran using Median method 
Rescaled Distance Cluster Cobbine 
































JBG 59 - BG 13 - BG 22 - so 14 - BG 12 - 
BG 27 - BO 4- 
BG 6- 
BO 75 
BO 30 - BG 57 - 
BG 59 - BG 65 - 
BG 66 - BG 38 - 
BG 24 - BG 39 - 
BG 63 - 
BG 49 - 
BG 55 - 
BG 56 - 
BG 70 - 
BG 42 - 
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" "I She, 
Dendrogram using wards Method 
Rescaled DistanCs ClUStOr Coubine 
CASE5 10 15 20 25 
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Dendrogran using Average Linkage (Between Groups) 
SteacAled Distance Cluster Combine 




























































































The following data set is that obtained from the 5 sites analyzed. The first 32 
columns represent the values obtained for II oxides, and the remainder 11 element 
values. Only 19 were used in further statistical analysis (see Chapter 5). 
The different sites are represented in column 33 as follows: C= Coppergate, the 
following number represents the period (eg. C3 = Coppergate, Period 3), M= Mancetter, 
L= Leicester, W= Worcester, F= Fishergate. Column 33 also contains the small find 
number (SFN) of the sample for Coppergate and Fishergate (a description of which can 
be found in Appendix 1) (an indication of the possible date of each sample is also given 
for the samples from Fishergate based upon those from Hunter and Jackson, 
forthcoming). In the case of Mancetter, Leicester and Worcester, a brief description of the 
type of waste is indicated (in the case of Worcester catalogue number and context, for 
Comparison in Appendix 1, are listed at the end of column 34). 
Column 34 contains an indication of the colour of the sample analyzed. 
Run numbers are not indicated in the table (for discussion see Chapter 5) but are 
as follows (note run 2 and 3 did not contain any archaeological samples and are not listed 
here): 
Run 1, Coppergate, Period 3 
10, 
71) , Run 4 Coppergate, Period I 
Run 5 Coppergate, Period 4 
Run 6 Mancetter and Leicester 
Run 7 Worcester, Fishergate and Coppergate Periods other than 1,2 and 
4. 
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C.; .4 LI; 
4 
CA rz %Z 0; a,; %Z c; g.: 
............. 
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CA CZ 434 c; 43; Q; t7, C; C4 CZ %9 C=', cmw %Cý -4 cn, gtx C7% C- 4,3 c=x c=p co 4 -4 -4 1-4 -4 -4 -4 -4 -4 




gz "* -, 
* 
! Q* -W 
Z 
;ý.: a . C4 44,; r4 
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C. > C-31 ci r-> r-> C. > C-A " C-4 C.. ) CJ C-> ci ...... CJ 
... CJ C. ), CJ 4LA 
c13 
lllý clo co clo llý w! lo'! clý clý llý clý cý c-: cl: L12 
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19 C4 C4 14 
*--*A C-1 11% C%3 C; 11; 
-. r cc -1 -4 --w -4 Lei, C- LX), IV,, lfiý 
Lrb 
C5 Cýl %o cc %cn, co C- tn kc, tn ý -. 10 ý C=X 
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W, CT% C=, Ca t- Ln r. -V t-- cc Ln " r- V, v om 
C"i It 02 02 Lei Cl! "t Mý U2 I=! -: Cl -: Lc! 102 -1: 'It 
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z CA ; Cý C.; cl; rz rz 9 cz r- " -4 -4 -4 -4 -1 1-4 -4 -4 -. f -. 4 " -4 -4 -4 -4 ""ý, -4 _4 CA .4 -4 
= 
-4 r-4 -4 -4 -4 -4 -4 
4 .4C; tý: "; cz 4A Cz z rz 4;.; Lý: "; ;4g4,; ,4 C4 
ý; ý4 .; Z4 ý4 -3 rz 61 4 q7% 43% C7% Co CCI ij. C=i r- CO Ln r- c7m CPN cn, -4 C=3, CYN C=, =, C=ý co C3, ! 5: C7% 43% CYN m cn. C=O C7% 
fl"ý C-1 c" C" -W C-1 ýr -W Cl C. -V -. w C-D -P r" -W -W -W 
W C" C4,1 t-W C-12 4-2 Cýv -W ". C" 
-4 Le; C; cz c4 C.; t.: 94 Cý U; W; Le; C.; rz 
Z LA rz 
da -4 -4 -q 
4-4 -4 'A --1 -4 -4 -4 
0; C-4 .44_; rz 14 .; C; ;A -3 CA 14 C=*. C=; - -, .; C; 
zz-; g -Z ; C; "; :ý-.; =; -; x %AD cX1 b 4=0 Cý C=b C=D c: p C=D C: p cm. tv 4=3. CS 4=3, C: b -4 t-- 






:1 =3 :4 
C..; 14 14 t4 C=-; Le; cc; CA a; ez C); 19; -4 C4 U; M; cc; ez CA 
CA Cý: %Z 
A 
11; 
9 cl; C.; 9.4 -4 _; 
0-4 * W-1 C13 C4 0-4 " -. 4 -4 -4 -4 1-4 -4 -4 " -4 -4 -4 -4 .4 -1 -4 -4 
4 -4 C4 -4 - C-2 C-4 
c4- %0 Z----mZ 
ig " (-i %C> cý> 
0, 
!Q %A> PM %12 C, 2 Co rý cm> c: » 




t9 Lcl* -9 %Z r4 
4Ac,; Z .9w; .9 rq 
b cla """" .AC, 4 cle týA cn .... c4 Ca r4 " .#C, 
4 ta ..... C`a " 
a uý r.: -..; .9 .ZA KZ : zi r.: i -9 Ci 9Z": rz Z ; ZZZ CZ w; e2 ýo e- r- e- r-* tz %j --9 -4 
.. A 9g-! og t9 t; rz j rz 4 te; «4 g; cg; 9A9; ýi 
9 ýi 19; cj cl; e4 -; CJ -; :ý cý -ý Im: i c-» c= cy% c: m cm. czý c=» " -4 CK3 cx> co c:, C, 3 t= cz> c2 cýI c:: r- -4 «=> 4=> c: » 
PQ -»4 Cli --4 "" -4 " tli C, 3 -4 -4 -f " 
cla -1 " ell cla 
" -1 .. 
trIl 
e-4 wl co r- U-1 U-1 -4 C, te. ) C-5 1-4 r- t- ýgnl r- -4 -4 
431% Ln r- 1-4 Ln Ln C" C=P %C2, Let 
C=! LI! 1: 
41: ri 
2 : 
'W C'% r'"t C14 C-1 -4 en " ka Ln VC. ) ". " Ln C-1 -q .r C's Cv %, o 
C" r" c" ir) -. & %gý --w r" c" 4" C-) c" 
9,9 99-: 9 -::: -! C:! C:! -! q Cý C: ý q -! 9 c:: C:! 99999 -1 q 
t- co r- to C" 47% 9-1 cla cc ::; 1-1 -4 %0 
"M kc %X2. C: D r-I -4 97N C-11 %0 -W n %0 kýo 
C2 C'2 C'2 C, 2 -2 . cl -J -2 V2 
"! cl -, t -! C, 2 c! C: C'I C"ý . -2 -2 
11 -- 
C02 c1l"'! L 
Ln Cno C-2 0-4 -4 -4 e-V -4 Let -q 47% C: ý C=31 4=2 ý4 913 C= .4 C13 -4 -4 
Ln 91- CV 4: 31 C: p C=5. -4 C13 cv 
C: ý CS, C, 4 Cý Cý -4 -4 C=, en -4 
C, 4 
6- - C7% CIN co -4 co C! ý " cm, cy, C, -4 -4 r 
li Cý C! 19 -i -i -: 9 -i -2 -i 
1-i -i -: -i -i -: 
-4 C- .r ý4 4 . 4. 
t% 119 llý 1.9 LI! rl: 9'": VI: C::! --; --; C--: C-: C-C! '9 5 co C', C" 
C', 
" "" " ý'* a- " ",:, "' " "" 
L", 
r- C, "'" C, 
L" 
4=0 
41-1) C!: o ch CIV co " -. 4 C=o -d- LC) 4.0 ýr CX3. C" r- -f cc to 
C, 4 Cý --d- CO LC% 00 r- Cýl C7% ttl V" C=O 
r- -4 
" 'S M C', 
CA 9.. tl: 9 r": I,,: 
W! LC! -! LI! %11! 9 "! 1". %9 C%l "" C', I- "1" 9 C71. Qý 
LC! e*! 9 Fl. U! -, ý 
4=2 00 CO 42% Co Ln Ca 9- 47% C: 3. CS, t- ex, 't, ,, %= C7% CIO ca C4 C34 
r.: CZ 4= cn co CYN co 42% co co co 
P; " -4 -4 -4 -4 -4 r-4 -4 -4 " -4 -1 "" _4 -I -, _4 -4 r-4 -# 
-4 -4 C%a -4 -4 -4 -f r-4 V-0 1-4 -4 
IC> C'4 13, %92ý .r 47% 4ý4 t- C%4 O. D. t- 1ý .W -4 C-4 V-1 ýv U-1 C, 3 
r- 47, C., U: D LCI) " c7N -W ca 4ýv 
c! C'! 41 V-: c! 
co U, -4 C', C', 
44) %= %a kc %C cr, %9ý %CD to Un Lin t- %Am %0 .aC. - 
%X3, %g3, %X), %C3,9- %A2 Lin %, a %a Ln %9D. 
410 %0 %0 %92 
%0 Urv Lln %R 00 ýr = Ln %95 Lm 00 'g, CYN 
co C7% co 00 Ln Ln t" Ln Ln 
-2 Lc! LI! W! W! 
LIZ 
L,! L'ý 111 L.! 
LI! LI! "! LL IAý 
2 
%Aý cq% " U-1 C. - C-1 U-) -ý- C- cr% kýo %X3 ý, -- C- Ln v co %ýa 
Le, co -4 co -r r- 'r Lcý C. 0 -4 
co CO C:: b 
W! Qý! 1"; clý It 19 -t W! U! 
LIZ C"-: Cl! W! -t c'! 
L12 ljý "'2 C"; 
LI! g--: -c! 
g cy, r- -W 
L" 0 C. - C13 . d. c=, 
C: D. -4 r- -4 C: ý 9-- 
C'*! C"ý C'! -, t -! 
I 
cla CQ. -, t -: t -I cl! 
C: 
L, 
C'2 "" C'a Cýa ev C, 3 - C, 3 - C, 3 
--- C'a C, 4 ell "" 
C-4 V4 C'2 CNI C'a cl C'Q C, 3 CN " 
464 
441, ? 74 
1.4 O-A *4 19 m 
)C. 
-: 0A. m 
ca C-) aw aw P4 ICL. V4 "4 ý4 9=1 SM-4 9. 'Zl r-. ) P4 *_a "4 PL. L. 
crý C7, C7ý cv. ý crý C', 47ý Cno 43ý a, ý C's .... .. ON cr, C' C7% cm 
ll 
-4 -. 1 
:n 
-4 -4 -4 -4 -4 -. 4 
m 
1-4 -4 -, -4 -4 _4 -4 CX3. CX3. -4 -1 
M 
U, -. 4 -4 -4 . -q ý4 4 0-4 4.4 6-4 &4 0.4 , 0.4 '. 4 ý4 0-4 .4I. Q 04 OA ý4 " 4.4 0-4 @A " 9.4 6.4 0-4 6-4 0-4 cQ 
a u! "I g": W! 
o'! "1 112 C-: Cý '112 qý! 9 Cý 9 In 112 C12 9 C"! '112 9 C12 C12 V': Cl! 1! C:! -4 CIA " -q I" "" -4 cm C13 """ v%4 -4 -4 "" -4 -4 " -4 4 .4 -4 "" -4 " 
. 0, clý --r Le, 'g, cy, co %X3, c=, UN C- cy, cm cy, %C3, g- C- C-2 r- %gý C7% %a r-- r- cn r- 42, C- %dý a- 
1-4 -4 .4_; _; _; _; _; V4 _; _; _; 94 ý4 ý4 ý4 9 _; ý4 _; ý4 A 14 _; .49 14 -4 9 -4 
cz CIZ lz rz Iýz cm; CIZ cl; cm; CK; %A cz CA CZ 4z c1l; c"; rz LA rz rz 0; rz 0; 0; ca; cc; cz cz rz Cc; Lc; 
8 rz cc; CA %,; %9 C4 C.; CZ Z -; "; ,; C; a, ' :4;.; .4.; : zi ; ,; : 2i z .zý ,zr; ;. ! -1 -1 -! -ý -I -! -! -: c! -1 -: c! --! . --I --! --: --! . -: -I . --: -: -: --! C-! --! :ý -'! -,: .3t. cn ý4 co, :... .4 "" -4 -1 -4 C=. -1 -4 c=, cz, -4 -4 -4 -4 -4 -. 4 cx, cm 4= 'm -. 4 -2 -! 11 4. . -: . --: . -! . --: -: -1 -: -1 -1 -: -.! --: -! -1 -1 ---- C-:!, -i . -i C, -, 5.4 C', -"" -q "m "= :4"aC. C'o D; co C-4 . =. Cý ýýý C-4 %A), tri C7% = 430 43,93p% w. cxnl CO 4-V ýa -r uo 4o VQ -q -4 Ca C13 0-4 ell C" ...... Cýa 4" C', C-4 -. 4 C, 4 C, 4 Lv"a 00 Cl -4 
C4 C; C.; C4 4 C.; 4.1; 04 C4 C.; -; .... CM2.9- %931 -W Le; C., '34 C=; .4 g-: V- C; 
*4 
cla -4 Cýv U"b c%a -. r C-1 C-w -W - -W " Cýa - IX3 -W - -W -. r -4 'r -- -4 4-1 C-4 











C.; C:; C,; "; C.; C,; 
z 
%Z t-Z e-Z ...... cc; 09 %Z cl; CA rz m. C4 ig., I- Le, " t- 42% 
-4 -4 -4 -4 -4 -4 -4 -1 --1 -4 -4 
.......... U., -4 ta C2-4 %Z C-1 43, " co -4 C; A C4 %z U-; C-4 %A 4 %,; t:; .44%,; C. Z ý4 C4 4 C; C; C:; cz %S; a, CYN c7% il- c7% -4 co C=3.9-- %Xý cy, C7% ko, co c cxý C7% co 43% cr% c- co co Cx -4 t-- co CEX -4 r- Uýl C" Cýw cli Cýw 4" url V-1 -. a- C. -b 41-V C-1 Výv 4-v C-D C- , en c 4, cc C-2 'r ,c C-1 w -W C-1 `4 
-4 -4 C-4 C4 
%931 C3.9-1 LCID Cýq un, ell CID lcl* rz Lc; 4 LI; tz %A IA %z C,: 4z; Le; Lc; 4-; 
Q -W -W --v c" C" -, v -W r -W -W 4-; 4444V; 4 q-; A;; 44; 4;; -j 4 .44A 
9 
r-; %1; .4C; 
9 
ý4 W; CA 431, .4 CA 9-Z C.; C:; -j C; 4-=; C4 11; 4 CA, _; C; 14 Le; 0; C4 cc; -4 475. C=31 -. 0 -4 cn C: 31 C%4 C=D C! b c7N -4 -4 C=51 4= :1 CIA 1.4 Z cc -4 -4 r-I -4 -4 -q -4 -4 -4 -4 -4 -4 -4 -4 0-4 
94 
.44 %9 CA C.; 4. c; C4 _; 
4 
.4 C71, Cý: _; at; CA ýC*, 
I 
C', c 71% C=*, U; . 0; C4 .4 to CA Iz _; cc; cl; 04 - -4 -4 C%4 -4 -4 -4 ý4 -4 -4 C=P 1.4 " -4 -4 C- -4 -4 -4 --4 CIA -4 CIA -4 -4 C%Q -4 -4 -1 -4 -4 V-4 
.... -i 
LA . 1; W; I -V C=. 4; -Z 4z; .4 Jý LL; 00 Co. C=X n CIO r 'm 9- C- cc C= 9- -A2 %d* r- r- "1 9- -4 -, D C- t- C=;, .r %I* 4 r-4 -4 
.......... 
V-4 Le. I t- %X3, C7, -. a. Mý Ln Crý -W W; Iz %C; Le; C=; 14, _; 




""-. 4 -4 " -4 """ -4 C-4 C-4 ell C, 4 cm C, -4 C, 4 C'm C%l C, 4 Cýa 4 -4 %a C, -4 -4 -1 
C4 rz -; 
; 
"; L.; "; L.; 
94 
rz rz U; Z U; Lc; A9 %9 %.; .; Z Lc; %,; Z .; C.; ez ; -4 
'9 gi LA .4'. 4 .4U; .4-; "A :: 7.9 C', A4g "T C7% Cýl -W -W crt -AM C7% Ln ý-2 --V C=3. -4 ca C: o C=3, c7N -4 - C=ý C3-. 47N C71 C=ý C=. Cno co -4 -4 C%l Ca ýr gn -, Ca -4 cla -4 14 Cýa " -4 -4 C. 4 -I C- -4 -4 -4 -4 CIA C4 ýA 
tel 
Ln --w -4 -4 r- 'g, -4 , t" r-W -4 gg -4 -W r" eno -A, V., C3, -4 -W L" Cý "I . cl! 
Lc! c! 
-1 Lei 
C., " C"I L-M -4 fn -4 -W -4 V-) -4 C" C" r., ewl C., e" "=U, C. % VIV Ln qwl C411 -4 .r -W %M -4 '" -4 9 C! cl 9 C! 9999999 19 999 -t 99 -t -:! 999 -1 C: j 999:! 
C9, 
'"t "I 'c'! 
IM: 91 
IV, -! -Cio "It, lcgil 191,2 4cla! 'CIO: LCCI! 
cl: -! C-2 I Cý C-1 -2 C-1 -1 -1 -1 -1 cl -1 -1 -1 C'! C=! 
" C" 11, L" " C', "I" LCI --4 LCI 19, ------- 
gel CW4 L" --r L-M -4 C" -1 %931 Cýl .r 4ý4 -4 V" -4 4 CIS -V C=b Výv -4 C7% -4 -W R -i -: 99 -2 -i -2 -i -2 9 -i -: '! -! '! -1 9 -: -I -: C:! 
Q. -1 , ý4 -! CY, co 
CK2 C=S- t- 47% C92 kc: o C7% C7% C= C: b C7% t- C=X 4=3, ctý 00 4=3, Cý 
19 
ýz 
C-11 lcm C" -4 c2D . 4p -4 .r"C: 2 LCI t's C=3- Llý t- CM "" CO C=% -W cc co -0. %0 -1 " cv% (ýj "" t- w a, "; rl: rl: LC! 
LC: I,: LV! C-: tl: *4i 14i 1'-. U 99 9- ; -691. U! %x! -Jý %C! W4 
47% Lrb C=5- " MD 9- C=ý %a m -W -4 Ln " Lei CO Ln 4=3- f= C12 cv.. 4=3, C7% t- Le, .,. " 3, M -, r, C', - 
Q 
C30 -t -i ý! Cý "': "ý "ý 9. "! 1112 1112 9 1"! Cl! C'! CO %cp %AO -V -W C-2 C.! '32 C, 2 C,! '! 72 crt r- cc C=p 47% CYN = 03 Ln -'a cep r- V- 1ý- -- 4m; C-z a, 
* 
t- %&* I. - ccý .4 -4 -4 Cý4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 .4 -4 -4 4 _4 _4 ý4 -4 -4 -4 -1 -4 
C30 4.10 co %921 cv, A91 . 93. U20 CM cm CKP Let 9- " ON -4 "o, CIII, ""I t-M -10 t-- -4 L91 -. r -W CF% 4" Lg-j C., C=, U. % C=ý ,5 C'! --: -: L-! -1 --: --: C-1 -ý -1 --: --! '-'! C:! "t c! C'! "I -It -: -1 -2 LC! -1 LC! E--: -1 C-! V-: C--: -1 C-! %x:, %, cp %I* Lei. %C:. %A* 930 %92, r- Q0 "'V %a C- %a %cb 'CIO %10 'a -W %930 "a NO Ln %X)' .= cr% %XDO 04D 4,0 r- %cp ýr 
to C. T3, Lev cnp C. I! D -4 C'no " %931 Ln Ln Lr) %0 elt t-4 %10 f"', CC" L", W, Lc'j ý %92, --r gel -4 . '" ýw -r --I V" C" -, "! LI! 'Aý LI! 11: "'! C-! LI! LC ZUZW2 La Le Le &Z le Le U Le Le U2 Le 
4-V I! .1!!!, 
t.! 
2 
'd. -r -4 CO. C. 0 -, 0 CX2. C-1 -4 to Ul -W cxý CX31 co r- Lgs C-cp -d- " 4: 3. -W C%3 -W q's Lg.. b Let m C=D a --! --t -: C-: --t -! --t "ý --t -: -: --: 9 --: '! -ý "': Lgi c! -ý %-C! -C! %4i --i V-: --t C-C! C.! -4ý 4-1 %, ý 4-1 
2ý t- co " .a %92 . 71 jQ C" C7% td'b 1-10 r- kcý %x2l C71.42ý1 C731 ca " 00 V- ""s " Ln Les C7% C, 3 Ln -V C, 3 V" -, t c"! clý "I LI! C, Vý C-1 C. ý), ul - C-i " Cý U), ýZ ! C. !-t-1.: t --t cl 
.q Cý4 " CIS C13 -4 C13 9ý4 C. 4 C4 C-z C'3 C4 4 C-z C.; 
4 
cl; "" C13 "" cle " cla -4 
465 
Co "W -. 4 03% C" " . d. Ln -4 -4 ell C- co I" U-1 C! ý "W -W uo c7p Cm 
Cn Ln Cy.. Lei Un CK), cn " Lei Co Lc) Co Ln C=) &, n - Ln tn cn cn C7% Ln L9, Co 
CY, 
C=, ý cz, C" 9" " Cý C7% ý C=l 9" ýý co r" CYN Cý c" C=i C= C:. C. 'I ý 
C=ý C=b 
4'r, Ln Um Ln i'm C" km LC) -. 0. LC$ %x> L91 Let Ln ýý Lew Lel t'o %bo "o, L tn 
%rý kc> tj 
C=, c: l ý C=. ý r- ý C=- ý C7. ý C= Cý ý kcý C=ý Cý ýýC:. C, =- C=x 
C= C: t 
CP Cý4 ... 1-4 C13 r-4 C14 ... cla " C%a 
C-4 ... 
14 
82RR ba ss 58 ER Ea Ss ER 11, C. ý, SRR 5R SS C-ý "R bg ý2 bg RRR 91 RR 
ime. M va M la 
a 
-4 .r -4 e-4 cm co -4 L. 1 ml 1-01 W-1 NUNN P4 C-: l P. Ln W r- L" P4 w .1e. C7, C7, 
a 
1 -4 ý tx"b . d. U, Ln . d. Ln . a. L9--b ý Lei ý Ln 
L9, Um ý .r .r ir, u .r .r 
--4 ý. l ýa IBIK Im 131M III= am tm t3m Im on ON tic Im go= 
am Im to, ow 13C tw PM on a- t- mm P" Am P" 
93-. fbý 
%X)l LX21 C" . -. 4 --d- ý" 9" 4=ý C=3, C=2 --d- co .r-. 
4 -4 co -4 -4 
!: 
C. 0 .r cco ý 
r-: 0-: Oý C,: al V-: r-: 1-1ý r-: r,: 1"; kllý Le! %, 
ý 01! klý klý 01! C-l! I'll! 
r- d. -W cn, r- c- %a I- t- cn fl- -4 r- -I 'ON C-4 -4 co -. 
r -W -W " kc). " C" --4 LA"V %40 
C:, co 
.. 
9 91! Cl! 9 cl-; -i ý'! -t I"! llý Cl! OZ Cl! 1ý12 q" oý r4. --! 
-: 99 t-: -1 "2 "ý "t I-; "'t "'! 
-W Cýv 411 .r C" C" C" " en Cý4 C-1 -4 .r cl, C" CNO f" 
C. -I -4 " C" cn " r"I Cýw --a- r" -4 
" %" 
Cýw en ell C., -. 4 r-I c" -W r" C., ctb .r rv en C-) 91" Cýl 
V" ."W c" c" 4" 1-4 f" C" cwv 
C" C"W ell% 
. Lar Le 61 %, PLC" U is LC LC LL LC! LC2 L". LC! llý %, C! LIZ -It L9 Lc! V-: -t 
LC! 119 Le! Le" U2 Le! 't 't 1 .121! 111!! 
r- C13 a- X2 C', C', -. C. %X, Le, 
r- -4 --1 g. 
9 -ý . -. 1 -: 
-,! -.! C..! C-: clý clý 112 "-: 02 clý: clý Cý Cý 
40 -q -4 C14 " -4 C13 """ -4 1-4 -4 cla -4 -4 .qý- C'm C%a _4 -4 
C- -4 r-I " C-4 -4 '" -4 -4 r-4 
ej co 0; a; CA CA C; CA CA C.; CA CA C4 C.; C', C3, C', CA CA c; a; C.; 
C.; cz CA 
Z C.; 




C'i Cl! C*2 
. 
clý C12 C12 Cl! C12 Cl! C"! Cl! Cl! Cl! 
Cl! Ci Cl! 
- 
Cl! Cl! c"! 
CM V-1 ý V" C" c" Ca en C-1 c" _4 
4-M ýr -W ell 4" V't C" 
4 -. 4 -4 .4 -4 -4 q -4 -4 -4 -4 -4 -2 -2 -2 -1 --! -2 
-1 -": -: -! -1 -1 -1 
IL4 tm ý C14 C; LI; $i 
4 




4=ý irl C=ý Do %9D. .r C7% " r- 9- C=ý -4 in Lei C', Cý %a %-o %Xý 
%0 "ý " 
27" 
-1 " cla C" Cýa 9ý4 CýQ " C, 4 " Cýq c" 4--b .t" CQ C-4 -4 Cýa -4 .4 --4 vla -4 --q 
ca C%Q cla -4 C-4 1-4 
t-: rz CA r.: cm; C:; -4 cz c; C4 -W irs cc 
L" "I ; L,; C-Z L. M 410 kcý 9-W -4 C., %AD bQ -W --r f-W -W C. -V C40-) w C" C" qn .w cn Cc, en cwv C" Vv " C" V, C. 4 C" V, V, V., Cýv C-1 CIV C- cxý ell 
:. -4 CA C.; 
;; 
Cý; C.; az C.; 
; 






.4z rz C4 . . 3,47% 
CX3, CYN C6 co co 
Cý g- Cýw C=X C=p CA 4 01; _; CIO CA C=, C4 C4 C; C-=; L-4 W; 
C; .4 
1-1 " C13 -4 C13 -4 C-%a 1.4 -1 C" 1-4 cla 9`1 Va 
C%3 -4 .4 -4 
... Cla -4 --4 -. 4 
4 







-; -; C.; -; -; 
4 
Lc; 
mM C7% ý -4 -4 C'a CYN %Jý t, 3 --4 C" cm, -W C, 2 to .rC. In W-4 
C--w =, ý, -4 ,, C%3 C" C7% 
f" cn U-) ca cc d= 
C" Cýv ýr -& --d- 4" C" -W "W -W --d- -W .. r Ul --r . '. C', .W 
'" ww C" .v '-W '-W Cýv C'v . d. 
M......; 4 -4,4 
ý 4,4,4 C4 C4 4.4 -4 
-4 CA LI; 'A 4j; %Z C34 _; C.; C; LI; %.. C; vz U; V4 rz 
4 vz C7; rz 
;44g;; C.; "; C-Z CA "; e.; 
9 
-. 4 -4 -4 -4 -4 " -4 " -4 -4 -4 C'a -q 4 -4 -4 -. 4 -4 -4 -4 -4 
-4 -4 -4 -4 4 -4 -4 
C'Q -4 --q 
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